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Lead has been used by man for at Least three thousand years and its many 
unusual properties have continued to ensure that, despite changing uses, 
it remains an important and useful item of commerce. In common with many 
other useful products lead, under certain circumstances, can be hazardous 
to health and this has been known for as long as man has worked with this 
metal. 

With the development of modern science it became clear that, just as with 
all toxic materials , the amount of load absorbed into the body and the dura- 
tion of this absorption determined whether a person suffered ill effects from 
lead. The development of occupational medicine in the nineteenth century 
also demonstrated that it is possible to handle the most toxic of materials in- 
cluding lead if careful and unremitting attention is paid to certain elementary 
principles. With knowledge of these principles lead poisoning became a 
preventable disease although the application of the principles is often not easy 
in lead processing plants built many years ago or in areas of housing contain- 
ing deteriorated lead painted surfaces . 

Lead poisoning in adults is characterized by colicky abdominal pain, malaise, 
weakness of muscles (particularly those most used, eg., painters wrist drop) 
and anemia. In long continued severe exposure, which is now fortunately 
rare, permanent damage to the kidneys and nervous system may result. 
Significant hazards to the health of adults from lead have almost entirely been 
connected wifh t'r-. !•■ ...* ; r» ■ •..■ :;■■.■■ using lead products 



eg., Ltaci puinl con tan oline adclitiv 

fn children not only it- the clinical picture of lead poisoning different but the 
most usual cause has been the eating of flakes of k*«cl paint from deteriorat- 
ing older homes. 

The early signs of lead poisoning are irritability, colicky pains and lethargy, 
which are not uncommon in children, and may be associated with relatively 
trivial self-limiting diseases. If, however, they do represent the early evi- 
dence of lead poisoning and are missed then the next series of events may 
be the late, or severe, stage of childhood lead poisoning with repeated 
vomiting, coma and convulsions. 

The control of lead poisoning in employees in the lead industry and among 
inner city children in dilapidated housing has represented a large and 
serious problem to the various agencies concerned and it is only within the 
last few years that the situation has improved sufficiently to allow some re- 
sources being devoted to surveys of the lead levels of the general population. 
When such surveys have been carried out among people living close to lead 
smelters it has been found that the emissions of some lead smelters have not 
only caused raised air and soil lead levels but that residents close to such 
plants may also have elevated blood lead levels. Fortunately, in most in- 
stances these elevations of the blood lead levels have been small and have 
not resulted in any detectable effect on health but this has not been so in 
all cases as is mentioned in Section 3 of this report. 



In Toronto the search for possible effects of secondary lead smelters on 
the surrounding population began in June of 1972 as the result of a complaint 
of dust from a secondary lead smelter falling on a back yard table. The 
dust was analyzed by the Ministry of the Environment and a high lead 
content was discovered. This finding resulted in a survey of blood lead 
levels of residents in the immediate neighbourhood by the provincial 
Ministry of Health and, because some of the residents had raised blood lead 
levels , the Medical Officer of Health of the City of Toronto was notified 
and the extensive joint studies set out in this report were undertaken . 
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The Working Group on Lead was set up by the Ministry of the Environment 
as a local point of the efforts of people working- directly on the problems of 
lead contamination in Toronto. 

The general objectives of the Working Group are: 

1 . To assess the data collected on lead levels near lead processing plants 
in Toronto and to determine the effect of these levels on public health. 

2. 'Jo recommend studies and actions to be taken by the Ministry of the 
Environment . 

In December, 1973, the Air Management Branch prepared a report of findings to 
date. The report was titled "Interim Report on Lead in the Environment in the 
vicinity of Secondary Lead Smelters in Toronto". The report was issued in late 
January, 1974 by the Chairman of the Working Group . 
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Environmental Lead Levels Near Lctid Processing Plant 

After reviewing the datu on lead levels in the air, dustfall, soil and vegetation 
near the 5 lead processing plants considered in this report. 

The Canada Metal Co. Ltd. , 721 Eastern Ave. , Toronto 

Toronto Refiners & Smelters Ltd. , 28 Bathurst St. , 
Toronto 

Eltra of Canada Ltd. (Prestolite Battery Division) , 
1352 Dufferin Street, Toronto 

ESB Canada Limited, 2301 Dixie Road, Mississauga 

Tonolli Company of Canada Ltd. , 2414 Dixie Road, 
Mississauga 

the Working Group un Lead finds that the operations of these plants have con- 
tributed , and still are contributing, to lead contamination of the environment in 
excess of the degree of contamination found in urban areas due to other industrial 
and automotive sources, Re-entrainment of particulate matter from the area 
surrounding the plants may , under certain meteorological conditions . contribute 
to measured lead levels , but is not the major source of lead . 

The degree and extent of contamination varies with each local situation as does 
the type of emissions from the plant, but all plants have increased the amount of 
lead in the environment of people living in their locale. In some locations, the 
situation is greatly aggravated by the proximity of residences within the zone 
of most severe contamination. The potential for exposure to lead from such 
sources as contaminated soil, street dirt, house dust, vegetation and air and 



the risk of inadvertent leaf, absorption are increased Ine nearer people reside 
to the plant. 

The Working Group finds that there is a sufficient risk of lead exposure nef?r 
the plants to warrant the application of all possible modern technology to limit 
emissions from processing operations. There is still a great deal of progress 
to be made before the necessary degree of control, maintenance and operating 
practices are attained. Improvements have been made in the last year at all 
plants. 

Out of the research into lead levels in urban areas, particularly near highways, 
the Working Group also finds that environmental lead levels adjacent to express- 
ways and major arterial streets represent a risk of increased lead exposure to 
persons living and working in these zones. This provides support for current 
programs to reduce lead emissions from motor vehicles. 



Blood Lead Levels and Their Relationship to Lead Concentrations in the 
Environment 



About 6500 persons in the City of Toronto have had one or more blood samples 
taken for lead analysis. The areas within which people have been sampled are 
in the vicinity of Toronto Refiners and Smelters Limited, Canada Metal Limited, 
Eltra of Canada, Limited (Prestolite Battery Division) and a Control Area. 

Of those sampled, 206 individuals had blood lead levels equal to or exceeding 
40 micrograms of lead per 100 millilitres of whole blood . These 206 persons 
have been offered a full medical investigation under the supervision of the 
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Hospital i'vv bu k '. Ii.i; i'. :t. Oi Lhcfcv, , 200 persons have bailed themselves of 
the olfer and 23 oi' thorn have been admitted to hospital for more intensive in- 
vestigation. 

About 875 of the 6500 persons sampled live in the Control Area which does not 
contain a lead processing plant and in this group only 3 individuals had blood 
lead levels of 40 micrograms or greater per 100 ml of blood. In the Toronto 
Refiners and Smelters Limited and Canada Metal Company areas the number of 
individuals with blood lead levels of 40 or above increases as the plant 
boundary is approached. The distribution of lead levels above 40 micrograms 
is more diffuse in the area of the Prestolite plant and the number of such 
persons shows a less clear-cut increase as the plant is approached although 
there are more such individuals when compared with the Control Area. 

Although the level of lead contamination in the external environment tends to 
be relatively similar from one house to another in a particular area, the blood 
lead levels of residents in adjoining houses or even in the same house may be 
strikingly different. This finding would suggest that factors other than mere 
availability of lead in the environment are important in determining a person's 
blood lead level. An example of such a factor might be the tendency of children 
to play in dusty areas therefore being more likely to contaminate their hands, 
mouth and food with the lead in dust and soil. That such a difference in 
behaviour between adults and children may be important is illustrated by the 
difference in the percentage of children having elevated lead levels compared 
with the number of adults having such levels. For example, those persons 
sampled in the Canada Metal Company area showed about 16^ of children 7 years 
old or younger had blood lead levels of 40 micrograms or above while only about 
3.5 ? of adults above age 10 had such levels. 



Of the pathways for environmental lead to gain access to the human body both 
inhalation and ingestion are possible in the urban environment. In the vicinity 
of the lead plants ingestion is probably the more important pathway for some 
children with their frequent opportunity for ingestion of dust, dirt and soil. 

If inhalation of lead were the most significant pathway of lead absorption one 
might expect a more uniform distribution of blood lead levels within an area 
and between different age groups . 

In addition to the large blood lead sampling program there has been a household 
environmental survey coupled with a detailed interview conducted by Toronto 
public health nurses and inspectors. The measurements of the household 
environment have included samples of paint, water, household dust, garden 
soil, etc. , while the interview has covered such matters as age and number of 
occupants, occupation, children's habits, food habits, etc. The sampling of 
the population is continuing and re-sampling of all persons found to have blood 
lead levels above 30 micrograms is being carried out at regular intervals. 

In reviewing the findings to date the following factors should be taken into 
consideration: 



(a) At this time, data related to the puthways (dust, dirt, diet, air and 
water) of lead intake by individuals having elevated blood lead levels 
have not been analyzed. 

(b) The medical significance of blood lead levels below those known to be 
associated with clinical lead poisoning is not accurately defined . 



While overt eiysMeal Lot'c! poisoning has not been encountered in the present 
community studies, it 1^ the responsibility of public health officials not only 
to attempt to prevent such cases but to take or recommend such steps as will 
protect the population from the toxic effects of lead . In Section 3 of the report 
these effects arc discussed together with their relationship to local lead con- 
tamination from lead processing industries. 

Since, as pointed out in Section 3, potentially harmful effects of lead can now 
be measured at blood lead levels much below those associated with classical 
lead poisoning, a somewhat arbitrary level of 40 micrograms of lead per 100 ml 
of whole blood has been selected by a number of individual toxicologists and 
authorities as a level above which the blood lead level should not be allowed 
to rise. While this figure applies particularly to children, similar biochemical 
changes can also be found in adults as the blood lead level rises above 40 
micrograms. 

In Toronto, in the Control Area, blood lead levels at or above 40 micrograms 
are rare , suggesting that the aim of maintaining the blood lead level of persons 
below 40 micrograms is realistically attainable. 

The very large volume of data derived from the surveys in Toronto will take 
many months to analyze but it is felt by the Working Group on Lead that there 
is now sufficient agreement among the medical experts, coupled with a 
sufficient understanding of the pathways for individual lead absorption from 
other studies, to recommend action at this time. 
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Based on the finding., to date, the Working Ciroup recommends that the following 
courses of action be taken: 

(1) All lead-bearing materials with a potential for contamination of the 
environment be shipped in closed containers or an equivalent method 
be used to prevent loss of lead to the environment. 

(2) The unloading, movement and storage of such lead-bearing materials 
on the property of lead processing companies be conducted in such a 
manner that the material is totally enclosed and losses to the environ- 
ment are prevented. 

(3) The handling of such lead-bearing materials be conducted in enclosed 
buildings or by the use of enclosed conveying systems to prevent loss 
of lead or lead compounds to the outside. 

(4) The processing of lead-bearing materials be controlled at source using 
best available technology to limit emissions to meet the proposed air 
quality standards and criteria of the Ontario Ministry of the Environment, 

which should be promulgated as soon as possible. The standard is 

1 3 

10 ug/m**/30 min. average and the criteria are 5 ug/rrr/24 hour average 

o 

and 2 ug/m /30/day geometric mean. 

(5) Backup control equipment or devices must be provided so that control 
to meet the standard is maintained in the event of primary control 
equipment failure. 



(b) 1 .:■ i.s.-^>m-. I. i,:;i ' ,fi.. Uric! pa;Rpi->un<ls to the environment be eontinu- 
uiisly moiiiti itr. 1 1- y tlf companies to the satisfaction of the Ontario 
Ministry of th:j Uuvirorjtiwei.it and the records t . e made available to the 
Ministry on request. 

(7) Regular program^ for niaintenunee of all control equipment and for a 
high standard of housekeeping on company property be implemented 
by lead processing companies to the satisfaction of the appropriate 
government authorities. 

(8) Regular inspection of the in-plant conditions, equipment and recording 
devices be maintained by the appropriate government authorities. 

(9) Programs for surveillance of community blood lead levels and related 
home environment be continued by public health authorities. 

(10) The lead levels in the air, soil, dust and vegetation in the vicinity 
of lead sources continue to be monitored by government authorities. 

(11) Cleanup of soil, street dirt and house dust be carried out in the con- 
taminated areas contiguous to the lead plants. These contaminated 
areas to be designated as the zones in which the lead content of the 
top two inches of soil lead content exceeds 1000 parts per million. 
Priority should be given to schoolgrounds and parks . 

(12) Provision should be made to assist relocation of families with children 
from the vicinity of lead sources upon medical advice. 



(13) Cleanup of residual con turni nation be required upon relocation or 
discontinuation of a lead processing operation resulting in a different 
land usage of the site. 

(14) The Working Group also recognizes thai the classical causes of high 
lead absorption in individuals due to sources such as domestic lead 
paint, lead waterpipes, lead from improperly glazed ceramics, etc., 
are present in Ontario and steps should be taken for their elimination 
by the appropriate authorities. 
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1 . 1 Load Occurrence. Properties, Uses 1 • s ' J • 

Lead atomic weight 208, chemical symbol Pb , is a soil ductile metal melting at 
327°C. Primary Iced is manufactured from galena or sulphide ores. Lead is alloy' d 
with antimony, copper and zinc and is a constituent of brass and bronze, solder, 
lead acid batteries; oxides are used in some paint and pigments. Tetraethyl lend 
is used to about 0.1% by volume to improve the antiknock properties of gasoline 
and lead is used in the manufacture of special glasses for colour television and other 
cathode ray tubes, in the manufacture of rubber hose, cable sheathing, radiation 
shielding, sound insulation and printing plates. These processes are described in 
more detail in section 1.3 



Lead is also present in many waste materials such as garbage (approx . 0.5% 
by weight), sewage sludge, waste crankcase oil, and a trace constituent 
of coal , oil and ferrous ores . 

1.2 The Flow of Lead Through the Ontario Economy 

Table 1.2-1 and Figure 1.2-1 show the flow of lead through the Ontario economy. 
There is no primary lead smelting in Ontario; primary lead is imported principally from 
British Columbia, New Brunswick and the U .S.A. Some lead ores are mined in the 
Timmins area but these are exported for smelting. 

Secondary lead production is therefore relatively of greater importance and 
there are three secondary lead producers all in the Toronto area processing 



Figure 1.2-1 H.OtV OF LEAD THROUGH TI1L ONTARIO ECONOMY 
Showing 1970 Estimated Figures in Tons 
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Ontario and ]% lead in waste oil (294 lb. /barrel) from ref- 
erences 1 and 2. 
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3. Estur.a'ed from data given in National Inventory by back- cr. 
frf..n industry total emission using emission factor. 

(Total Canadian Production is in Ontario) . 

4. Estimated from Emission data in National Inventory. 
NOTE: A large portion is remelted . 

5. Includes solder, brass and bronze alloy?, cable sheathing 
finished prodve'.;. Consumption estimated from daLa in 

■ ■■'.' • ', 1V(.'', '■■>■■ ' u ' i 1 V ; : 



1.3 SOUUCES OP AIRHQRNL LEAD 1 MISSIONS 

1.3.1 Industrial Lead Processors 3 , 4 . 
(a) Secondary Lead Plants '*' 5 - 

These plants conduct a large variety of operations reclaiming lead and 
producing lead alloys, solder and lead oxides from scrap lead. Because 
of the large quantities of material processed, the secondary lead smelter 
represents an intensive local source of lead emissions into the environment, 

The operations at a secondary lead smelter can be divided into four 
parts: 



(i) sorting and preparation of scrap for charging to 
furnaces 

(ii) smelting of scrap in blast furnaces, reverberatory 
or rotary furnaces 

(iii) refining and alloying of furnace metal in "kettles" 
and casting into ingots 

(iv) production of various grades of lead oxides 



Flow diagrams for typical smelting operations are shown in Figures 1.3-1 and 1.3-2. 



(b) Emission Factors for Secondary Lead Operations 



Both the Environmental Protection Agency in the U.S .A. 5 and Environment 
Canada have published data on typical emissions from secondary lead opera- 
tions. In addition the Ministry of the Environment has required emission 
tests performed on several sources . 
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NOTE : There are no published data related to fugitive erw'T'siort" 

from the handling, crushing, transfer and r^orsv 
scrap materials and dross since these arc almost "Iivpp^r.^o 
to quantify. Estimates of tots 5 ' plant contribution m le?.d 
in dustfall have been made (pee sections ft. 1.3 and li,2 3) 

(c) fugitive Emissions 



No matter how efficient the hooding and control system is, seme fume vrAl 
escape collection and will enter the building air and subsequently, "v ■■ ch?,*:, ,-.'d 
in the ventilation system or escape through open doors and windows , 



The handling and sorting of scrap material, the crushing of better:? , ; 
the handling of furnace dross are all sources of lead particles cer,;..'. 
mainly to dustfall. The experience of H.M. Alkali Inspectorate in the In'. 
Kingdom, as in Ontario, has been that these fugitive sources are the principal 
cause of problems with secondary lead smelters. 6 < 9 
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FIG. 1*3-1 Process flow sketch for Lead Reverberatory Furnace 
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(d) Fiattcry Plants 4 - 5 - 

There are nine large automotive battery plants in Ontario. Only one c>( 
these (Prestolite) conducts operations in the City of Toronto. A batl 
plant manufactures lead acid batteries for automotive and industrial use 
from pig lead, lead alloys and lead oxide. 

The operations can be divided into 5 main operations: 



1. Manufacture of plate grids and terminals 

2. Manufacture of battery paste 

3. Plate formation, drying and finishing 

4. Assembly 

5. Filling and charging 



A flow diagram of a typical battery plant is shown in Figure 1.3-3, 

(e) Airborne Emissions from Battery Manufacturing Operations 
The major points of lead emissions from battery manufacture are: 



melting pots for casting machines 

lead oxide mills 

paste mixers 

plate brushers & trimmers 

terminal soldering (post burning) 



With the exception of the lead pots there are no published emission factors 
for the operations listed above. The Province of Ontario has collected some 
preliminary data and these are presented in Table 2. 



Figure 1.3-3 
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TABLE 2 LEAD EMISSIONS I ROM liAiTEIiV AM t At J 1 Kl.\t; OPERATION.^ 



OPERATION 



Lead oxide mill 



Paste mixer 



(Irid casting' 



Plate stacking 
brushing parting 

Post and element 
burning 



EMISSION" OF LEAD & LEAD 
COMPOUNDS (LB.) 
(MEASURED) 



REMARKS 



.009-0.02 lb per ton of oxide controlled by baghousr 
0.25-0.3 lb per ton of oxide cyclone and baghou. i 

controlled by scrubber 



0.019-0.025 lb per ton 
of paste 

.0075-0.012 lb per ton 

melted 

0.17-0.27 lb per ton 
production not noted 

0.004-0.014 lb per ton 
production not noted 



controlled by cyclone 



controlled by baghous*. 



controlled by baghouso 



Control of particulate emissions is generally achieved by the uhc of fabric 
filters or scrubbers. Acid mist and fumes are controlled by aqueous or 
caustic scrubbers . 



1.3.2 



*1 A 

Other Industrial Sources of Lead Emissions"*' "*• 



(a) Brass & Bronze Foundries 



Lead is a significant component of many brasses and bronzes, particularly 
those used in the manufacture of plumbing fixtures . collapsible tubes and 
pewters. Emissions arise from the melting, casting, machining and finishing 
operations and may require control depending on the individual situation. 



t.b) Ammunition Manufacturing 

Kifle and shot gun ammunition is made from lead and lead azide is used as 
i rU tonator. Lead is melted in pot furnaces and cast into bullets or sprayed 
into water to pioduce shot. Principle emissions are from the melt pot and 
this may require control. 

(c- ) Lead Cable Sheathing and Hose Manufacture 

Underground electrical cables are often sheathed in lead to prevent corrosion 
damage . Rubber hoses are covered in lead to protect the surface during vulcanising 
und bending of the hose and is afterwards removed. The lead pots used for holding 
and remelting lead in both processes may require control. 

( H ) Pigme nt Manufacturing 

Lord oxide is the starting point for the manufacture of certain pigments used 
constituent of printing inks and some special purpose paints. Typical 
• . re lead dichromate , Pb CrO^ (orange) and lead molybdate, Pb M0O4 
n) . The principle sources of emissions are the handling and storage of 
th ■ lend oxide, mixing and reaction vessels, the spray drier and product mills. 
All of these operations require control and it is economic to recover as much 

possible. Fabric filters, with or without cyclones as precollectors , 
are usually employed. 



;n 



Q 

(e) Manufacture of Leaded Glasses 



Lead glass has come into widespread use for cathode ray tubes of all types . 
The glass is optically superior and also cuts down the intensity of potentially 
harmful rays emitted by the electron gun in the cathode ray tube . With 
the inception of colour televisions employing 3 electron guns, there has been 
a need to produce glasses containing a much higher percentage of lead. 

Since a glass furnace operates at relatively high temperatures (1800-2200°F) 
well above the boiling point of lead and lead oxide, n very high proportion 
of the lead in the feed to the furnace is lost. It may be necessary to add 
25% by weight of lead oxide to the mix .in order to attain 10-,', lead in the 
final product. This constitutes a major source of airborne lead emissions 
and requires control . In addition , handling and mixing of lead oxide requires 
control of pneumatic conveying systems and storage silos. 

(f) Lino-type Setting 

The printing industry employs lead in the lino-type setting process which 
is the most commonly used method for printing of newspapers. The principle 
emissions arise from the melting/holding pot used to supply the typesetting 
machine. There is also some question regarding organo lead emissions 
during remelting of lead contaminated with printing inks. 

(g) Paint Industry 

Although domestic lead containing paints are low lead in Canada and the U.S.A. 

and 'lead-free' paints are used for nursery furniture and toys; lead paints are still uf>d 



as rustproofing primers in industrial applications. 

During the manufacture of the paint, emissions of lead oxides and other 
lead compounds can arise mainly during the handling and milling of the pig- 
.1,1 -nt and during mixing of the resin vehicle and pigment. 

These emission sources require control and scrubbers or fabric collectors 
ii( usually employed. 

(h) Manufacture of Antiknock Compounds " 

Tetraethyl lead (and tetramethyl lead) are widely used to increase the octane 
of automotive gasolines. Burning of these gasolines is a major source of 
urban lead contamination (see Section 2. Z) . During the manufacture, pig 
load is melted in pot furnaces and then alloyed with metallic sodium to 
I rorluce n lead - sodium alloy. This alloy is alkylated with ethylchloride 
■methylchloride) in an autoclave and the residue steam distilled to recover 
itructhyl lead (tetramethyl lead) . The still residue is dumped into a sludge 
iil and fed to a drier from which additional tetraethyl lead (tetramethyl lead) 
is recovered. The dried sludge is fed to a reverberatory or open hearth 
furnace to recover lead which is used in the process. Sodium compounds 
are skimmed off in the dross. 

These operations give rise to both particulate lead and organic lead emissions, 
Particulate lead emissions arise from the recovery furnace and are usually 
controlled by the use of wet scrubbers . Organic lead emissions arise during 
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L' ud air.yl compoundi . principally tetraothyl l-**ud., are add ;d Jo <_, .. ,; :'■ 
!•■ ri)i.sc the oc:- -je rating of tne gasoline and pre partiovlF.rly > <t »c 
.': "n r j f^h cot predion erif.iaes. Load additives are rd€->d»:u ,_ - ■• 
the end of the refin"ng process. An average metallic lecd. con-? - .••» wr 
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'...,:ua.t T'---" j 1 ' uEU'il Lmouii" deposits on v^U e buri&ces ana is :■.,. *v-J 
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<. ''riti^y removal of '-ad in gasoline will roan higher aromaii" cor.t^- - ci 
; ■ ■ 'gilt "un gasolines with an accompanying loss in yield. Ther3 ■:. . j 
e :■■■"■"'■ evidence that ^ydrocarbon emissions are increased by u^ine . ._r 
■•"■'; "'lines . The main driving forco for removal of lead from gaaoli- i l'.~- 
th:: catalytic convenors reouired tc meet Federal U.S. standards fc- ■ -y -, 
c:cb'.n and nitrogen oxide emissions are contaminated and renderec ?o!f 
■y *ead in the exhaust gas. The use of lead traps is under active ir.e 
ion ly the produc:T\3 of antiknock compounds, as are alternatives sue:, as 
• j.ylcyclopentadicir.'l n-ar.ganepe tricarbcr.yi CM.M.T.). 



It has been estimated that in 1968, 250,000 tons of automotive generated lead 
were emitted into the atmosphere in the United States. A similar estimate for 
Canada in 15)70 was 14,083 tons. 4 In the same report, a figure of 5,125 tons 
was also quoted for Ontario. Fuel consumption figures give a total emission 
of ubout 1 ,760 tons/year in Toronto. 

The Lead emitted from automobiles is mainly in the size range of 0.1 - 

2 microns with some larger particles which fall out rapidly being generated 

as a result of flaking of deposits from the engine and exhaust system . 

The effects of lead emissions on ambient air lead levels in urban areas have 
been extensively documented and are discussed further in Section 2 . 



The amount of airborne suspended lead in urban atmospheres has been re- 
ported to average about 0.6 micrograms/m 3 in cities with populations less 
than 200,000 and to reach average city wide levels of 1 . 5 ug/m for cities 
with populations exceeding 1,000,000. 

jlocuI ambient air values close to highways can reach values greatly in 
excess of these figures , but measurements indicate that there is a rapid 
drop-oti with distance from the highway. 

I he subject of the automotive contribution to ambient air levels in urban 
areas is discussed in greater detail in Sections 2.2 - 2.4. The health 
effects of automotive lead emissions are still the subject of considerable 
controversy and data compiled by the Environmental Protection Agency and 



!-; 



a recent paper indicating a link between distance from highways and blood 
levels is discussed in Section 3, concerning standards. 

1.3.4 Inadvertent Lead Emissions from other Major Sources 

Lead occurs as o trace element in many naturally occurring rocks, ores and 
fuels. During processing or combustion of these materials, lead is emitted 
into the air in the form of dust or finely divided suspended particulate matter. 

The major identified sources of indirect lead emissions in Ontario are as 
follows: 

(a) Production of Nickel and Copper 

Lead is present in the indigenous pyrhotite ores found in Ontario during 
the smelting process for the production of concentrates the lead is 
emitted. Particulate test data from Sudbury indicates a lead content of 1.2% 
in the emitted particulate after the control equipment giving an approximate 
yearly emission of about 20 tons/year. 

(b) Iron & Steel Production 

Lead is a very minor constituent of iron ores produced in Ontario. The major 
lead emissions occur during the sintering and blast furnace operations for the 
production of iron . 



Data reported by Environment Canada 1 * indicate that ambient lead emissions from 
iron production in Ontario amounted to a total of 1,475 tons in 1970 of which 
?ibout 1,000 tons a year were attributed to Hamilton, Ontario. Emissions from 
steel production were estimated at 86 tons /year mainly in Hamilton. 

These figures are only estimates and are not supported by high ambient air lead 
levels close to the steel mills. 

(c) Ferro Alloy Production 

Estimates of lead emissions from trace amounts of lead in the materials used 

for the production of ferro-silicon and ferro manganese alloys range of 

0. r ) - 1% of the emitted particulate giving a figure of 35 tons/year in Welland. 

(d) Ferrous Foundries 

The lead content of dust emitted from ferrous foundries has been reported 
to range from 0.5 - 2.0% by weight. Environment Canada ^have estimated 
emissions in Ontario to total 16.8 tons/year in 1970, 

(e) Cement Manufacture 

The Environmental Protection Agency^ have estimated that particulates emitted 
from cement plants contain about 450 parts/million of lead. Using this figure, 
Environment Canada have estimated lead emissions in Ontario from cement 
manufacturing to total 57.8 tons/year. 
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} Zinc Production 

Environment Canada has estimated emissions of lead from the zinc production 
industry to be about 12 lb/ton of zinc product, giving a total emission from 
the Port Maitland plant of about 5 tons/year. 

1.3.5 Inadvertent Emissions of Lead from Waste Disposal 

(a) Incineration of Garbage 

Municipal garbage contains lead with reported values in the range 0.06 to 0.1 per- 
cent by weight . The lead is due to soldered cans , coloured magazines and some 
glass. 

The incineration of this garbage gives rise to flyash and bottom ash both of which 
contain trace amounts of lead . 

The lead content of flyash has been measured by consultants for the Ontario Ministry 
of the Environment as 0.5% by weight and the total uncontrolled flyash to average 
23 lbs/ton of garbage incinerated giving a lead emission factor of 0.12 lbs/ton of 
garbage incinerated. 

The lead is removed along with other particulates in gas cleaning equipment such r^ 
scrubbers and electrostatic precipitators . 

(b) Incineration of Waste Crankcase Oil 



A 

resulting from absorption of the gasoline antiknock decomposition products. Waste 
crankcase oil is used as a cheap source of heat usually blended with straight-run 
conventional fuel oils. Most of the lead contained in the fuel is emitted with the 
combustion gases. Because the amounts are small this lead does little more than 
add slightly to the urban background level. 

(c) Incineration of Sewage Sludge 

Dried sewage sludge is reported to contain about 1400 ppm of lead. The incinera- 
tion of this sludge lead to particulate emissions containing trace amounts of lead . 
It is estimated that 0. 2 lb of lead are emitted per ton of dry sludge incinerated . 
Conventional particulate removal equipment is satisfactory for removal of both 
particulates and lead . 
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i.'ivuit : ussio.-i sources i;i mltropolitan TORnmo r. a^ea 
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Canada Metal Company 



Rotocast Limited 



Tnronto Refiners and 
Si .Iters Limited 
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station 
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Forest I. ill Incin. 



'.Jul linoton St. Incin. 



' 7lD YEARLY EMISSION (THUS) 



Env. Can/1070 



12.0 



AftB/1070 



30.5 



2.2 



6.4 

1.3 

5.4 
3.1 

3.2 
O.G 

19 



Cnv.fint/I n 7-1 



ESTIMATED MAX. HOURLY EMISSIONS 



H/hr. max, 
Emission 



n.n 



in.l (ST) 



0.025 (C) 



0.23 



7.2 (C) 



1760 (C) 



1.8 (C) 



3.3 (C) 

4.3 (C) 
3.2 (ST) 

0.01 
0.06 

3.6 

402 
4.0 
1.5 

0.3 
1.3 
0.7 
0.7 
0.2 



Maximum Cal- 
culated 30 Minute 
Concentration 



0.5 (30 min.) 

o.2S (30 min.) 

0.25 (30 min.) 

0.15 {3^ mil .} 

0.25 (30 nin. ) 

0.20 (30 min . ) 
n.15 
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I.IVL.ITORY OF LEAD DflSSION SOURCES IN METROPOLITAN TORONTO S MCA 

(Continued) 



SOURCE 



i. i . t. - if, Storane 

, Scarborough. 

.trie Storage 
iiattery, Misslssauqa. 

lonolli , Mississauna 

'jlot elite Batteries 

U not Metal Connanv 

Anaconda Brass 

■ir.ion Colour 

i Stamp ft stencil 

ai' t"i - r 'iloys 

U-i . Meters 

■I 

oft to Star 
Hlohe & Hail 



ESTIMATED YEARLY EMISSION (TONS) 



Env.Can/l n 70 



6.10 



AMR/1970 



9.3 



5.65 



20 



Env.0nt/l°71 



0.6 

2.4 (0.8) 

5.6 
0.3 
9.6 

6. 4 
0.016 

0.3 

0.25 

0.27 

0.7 

0.6 



ESTIMATED MAX. HOURLY EMISSIONS 



lh/hr. max. 
Emission 



0.4 
0.7 (.31) 

1.5 
0.4 

0.2 
1.6 



Maximum Cal- 
culated 30 Minute 
Concentration 



15 
11 



I 
I 

I 



iMJLl 2, 



INVENT ORY OF LEAD EMISSI ONS IN ONTARIO 

(From idtional Inventory of Sources and Emissions of Lead (A-70) 
Environment Canada] 



Type of Source* 


-- in 
Ont. 


lb/ton of lead (unless 
otherwise desinnated) 


Estimated Yearly Lead 
Emission in Tons 








Emission Factor 






Lead Producino Industry 










1. Mininq of lead-bear inn 










ores: 

a) underground 

b) open-Dit 


1 

1 


2.025 
2.05 


2.32 
9.58 




2. Millinq ?< production of 
lead concentrate 


1 


2.9 


3.32 




3. Secondary Lead Production 


3 


1 .64 - Reverb Furnace 
1 .85 - Blast Furnace 
0.26 - Meltinn Kettle 


32.35 (AMB Estimates Higher) 




Lead Processing Industry 










1. liatterv Manufacturing 


11 


0.14 - (Oxide bounht) 
0.20 - (Oxide made) 


2.17 (AMB Estimates Hinher) 




2. Litharge Production 


1 


0.12 


0.3 (AMB Estimates Hinher) 




3. TEL 8 TML Production 


? 


7.25 


64.5 




4. Lead Pigments 


2 


0.0075 


0.1 (AMR Estimates Much 
Hiaher) 




5. Lead Glass 


1 


- 


^4.5 AMB Stack Test 




6. Metal Fabricatino In- 
cludinq Brass, Bronze 
and Solder 




11 - conDer al loys 

0.26 - solder 

4 - other operations 


23.0 




Combustion Processes 










1 . Power Plants - Coal 




0.0105 lb/ton coal 


1.1 (Controlled 97.5 ) 




2. Coke Production 


3 


0.032 lb/ 1000 tons coal 


0.10 




3. Oil Combustion 




12 lb/1000 tons oil 


26.8 (Heavv Oil) 




4. Wood Combustion 




1.7 lb/1000 tons wood 


3.68 




Gasol ine Cons umption 










1 . Automotive 


- 


1500 lb/ton of lead in 

fuel (aver. 3 nrams/imn. 
oallor ) 


5125 




2. Aviation 




1500 lb/ton lead in fuel 
21 


27.3 

Cont'd 





INVENTORY OF LEAD EMISSIONS IN WlTAPIO (Cont'd) 



lypc of Source 


# in 
Ont. 


lb/ton of lead (unless 
otherwise desinnated) 

Emission Factor 


■■ ■ 

Estimated Yearly Lead 
Emission 1n Tons 


Imdvortent Emissions 
me Production 

ooper/Nickel Production 

i. . rc.n Production 
■1. Steel Production 

' -. Fprro Alloy Production 

ron Foundries 
7. Cement 


1 

2 

3 
4 

1 
59 


12 lb/ ton of lead 
0.028 - 0.22 lb/ton zinc 

437 lb of lead/ton of lea< 
in concentrate 

4.68 lb/ton metal process 

0.14 lb - 0.18 lb/ton pro- 
duced. 

0.9 -1.4 lb/ton produced 

0.2 lb/ton processed 

0.11 - 0.15 lb/ton of 
cement. 


4.9 

316.0 (AMB Stack Test - I.2X 
of Particulate) 

1474.3 Controlled Emission 

86.1 Controlled Emission 

35.35 Uncontrolled Emission 

16.8 

57.8 


Waste Disposal 

I. Refuse Incineration 

Sewage Sludqe Incineration 

! aste Oil Incineration 


5 
2 


0.15 lb/ton burned 

41.5 lb lead/1000 tons 
burned. 

20 lb/ton of oil 


16.44 Controlled Emission 
1.36 Controlled Emission 

76.4 


> r * ti nor Sources 

awhile and Can Solder- 

.Tin .inn 

■ delete Application 


6 

34 


0.26 lb/ton melted 
4. IS lb/ ton qrlndino 

0.26 lb/ton melted 

500 lb/ton of lead in 
insecticide 


2.7 

14. q 
1.81 


TOTAL FOR ONTARIO 




22 


7521 ■ 5125 automotive 
23% other 
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2. BACKGROUND LEVELS OF LEAD IN THE ENVIRONMENT 

2.1 Natural Background Levels 1 ,2,3 ' 4 

Lead bearing minerals occur naturally in the earth's crust; galena contains 
some 7- 10% lead, morphite contains lead phosphate, crocoisite lead chromate 
anglesite lead sulphate and cerussite lead carbonate. Some of this lead is 
weathered and leached into natural waters and enters the food chain. Some 
lead in soil and groundwater can also be taken up by agricultural crops al- 
though lead is relatively immobile and uptake is very slow . 

Table 2.1-1 shows a list of typical lead natural background levels in air, soil, 
vegetation and food. There is probably some contribution included from global 
increase in environmental lead due to the activities of man. 



TABLE 2.1-1 Typical "Natural" Background Lead Levels (From Airborne 

Lead in Perspective N.A.S.) 



Water 

Soil 

Dustfall 

Precipitation 

Food: 



Condiments 
Fish & Seafood 
Meat & Eggs 
Grains 
Vegetables 
Milk 



1-10 ug/litre 

2 - 200 ug/gram 

0.2 mg/m 2 /30 days (0.0006 tons/mile 2 /30 days) 

1 mg/m 2 /30 days (0.003 tons/mile 2 /30 days) 

0-1.5 ug/gram 
0.2 - 2.5 ug/gram 
0-0.37 ug/gram 
- 1 .39 ug/gram 
0-1.3 ug/gram 




Air 



0.05 - 0.5 ug/m" 



"Natural" lead in the food chain is important in that dietary ingested lead gives 
a base level of human lead intake as indicated by human blood lead levels. 

The assumption is usually made that an average adult will ingest about 300 ug 
of lead/day from food and water of which a relatively small portion is retained . 

These are only average figures; however, it has been shown that humans, remote 

. all anthropogenic sources of lead, can have mean blood lead levels from 15 
to 23 ug/100 ml of lead in blood. 

TABLE 2.1-2 

Lead Levels in Various Populations * 

Mean Pb Cone. 
Location Subjects mg/100 g Blood 

0.013 
0.013 
0.013 
0.015 
0.017 
0.018 
0.021 
0.023 
0.023 
0.023 

Stopps , G.J.: Discussion presented at American Petroleum Institute 

Division of Refining Meeting, Los Angeles, May 16, 1967, "Du Pont 
Company's Investigations into the Health Effects of Lead". 

** The Working Group on Lead Contamination: "Survey of Lead in the 

Atmosphere of Three Urban Communities", U.S. Public Health Service 
Publication No. 999-AP-12, January 1965 (94pp.). 



Alpine County, Calif.** 


37 


New Guinea 


67 


Philadelphia Suburbs** 


HI 


Last Africa 


„ 63 


. _t u... s aland 


63 


Peru 


39 


Li& Angeles Police** 


155 


Cincinnati** 


140 


] , hall Islands 


33 


HiM/.il 


11 



I 
I 



c.f ie Reported Da'a on Envn oj ir, •' ntal in 
in ' tl.'-'n Areas 



2.2J Sus pended Lead Levels 

I.i 'd levels in urb;;n air are generally at least an order of magnitude above 
.hose normally found in remote areas due principally to automotive lead 
emission- with a minor contribution from other fuel combustion processes 
nd sm.-ill industrial operations. 

Cats obtaintd in the United States are presented in Table 2.2-1. Those 
indicate thiit average urban suspended lead levels in large U.S. cities are in the 
rar.gr 2.1 5.7 ug/m . No reference is made to the number of stations and the 
location of these in each city so that the data are merely an indication of the 
range of suspended lead levels in urban areas. 



TABLE 2.2-] Maximum Quarterly Composite Lead Levels Exceeding 

2.0 Micrograms Per Cubic Meter a 

Location Maximum Quarterly Composite 

Oklahoma City, Oklahoma 2.1 

Haltimore, Maryland 2.1 

Miami, Florida 2.1 

Kansas City, Kansas 2.2 

Fort Worth, Texas 2.3 

Cleveland, Ohio 2.3 

Springfield, Massachusetts 2.4 

Shreveport, Louisiana 2.4 

L/is Vegas, Nevada 2.4 

Richmond, Virginia 2.6 

New York, New York 2.8 

itouston-Galveston, Texas 2.8 

Seattle, Washington 2.9 

N.W. Nevada 3.0 

Detroit, Michigan 3.2 

Denver, Colorado 3.4 

Salt Lake City, Utah 3.6 

Chicago, Illinois 3.6 

EI Paso. Texas 3.6 

Philadelphia. Pennsylvania 3.6 

Phoenix, Arizona 3.9 

Snn Francisco, California 3.9 

Puerto Kico 4.2 

Son Diego, California 4,2 

Fairbanks, Alaska 4.8 

Dallas, Texas 5.2 

(.1*3 Angeles, California 5.7 

,i,' Source: NASN data on file at the Division of Atmospheric 

Surveillance, National Environmental Research Center, Environmental 
Protection Agency, Research Triangle Park, North Carolina. 

Annual Mean Concentrations of Atmospheric Lead 

June 1961 Through May 1962" 

3 
Lead Concentration, ug/m 

Site 

Commercial 

industrial 

Residential 

Rural 

All Stations 

a/ Adapted from "Survey of Lead in the Atmosphere of Three Urban 
Communities," reference 6. 



Cincinnati 


Los 


Angeles 


Philadelphia 


1.7 




2.9 


2.2 


1.8 




2.3 


2.2 


1.1 




2.0 


1.1 


0.9 




2.8 


0.9 


1.4 




2.5 


1.6 
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Uida obtearn.'i in tudies in Detrc-t, New Vorl; and ..■ ■• 

Mtiiors™ showfcu tin - suspended lend levels varied widely with : "- 

occurring close to freeways in Los Angeles and with lower tee- : 

in more residential areas. The highest annual average report h.2 ui 

at 5 metres from the Harbor-Santa Monica Freeway Interchange in Lt 

The highest 24 hour value recorded was 18.4 ug/m 3 . 

It can be seen that extremely high values of suspended lead can occur close 
to highways in urban areas. 

In a study undertaken by Rutgers University 8 in New Jersey air samples collected 
at varying distances from highways indicated a relationship betwe< n the -suspended 
lead levels and both distance from the highway and traffic density . 

The data were fitted by the regression equation: 



y = 2.049 9.327 x 2 + 20.962 x 2 2 + 1.573 x 3 + 
10.992 x 3 " - 0.391 x x x 2 + 1.654 Xj x 2 2 

y = suspended lead level ug/m 3 x, - (vehicles/day 42.000 ) 

1,000 

x 2 = (distance - 172.4 ) X3 = week no. ■ 26 . 5 

1,000 100 



The highest value recorded was a 7-day average value of 15.6 ug/m 3 at 
30' from a highway with 58,000 vehicles/day. The levels fell off rapidly 
with distance, reaching 50% of the maximum by 150' and approaching the 
background level at 300' from the highway, 

A recent study undertaken by Crocker Neuclear Laboratory, U.C.D., in 
Los Angeles confirmed that there was high levels of gasoline generated air 
contaminants, including lead close to a freeway. The Freeway con figuration 
was found to have an important influence on suspended lead levels. 



TA 3LE Z.ZA-Z 

ATMOSPHERIC LEAD COIJCENTP.ATIONS 



Metropolitan 
Area 



Site 



Area TvDe 



Distance from 
Nearest Traffic - Meters 



Of 

Samnles 



r. 



Detroit Lodqe-Ford Freeway 

Interchanae 
Grand Circus Park 
GM Technical Center 

Over-all Detroit 

New York Herald Square 

Columbus Circle 
Queens Expressway 

Interchange 
Queens Residential 
Scarsdale 

Over-all new York 
Los Angeles Pico Boulevard 

Harbor-Santa Monica 

Freeway Interchange 
Santa Monica 
Monrovia 

Over-all Los Angeles 

Area Types: Freeway 

Commercial 
Residential 



Freeway 

Commercial 
Residential 



Commercial 
Commercial 
Freeway 

Residential 
Residential 

Commercial 
Freeway 

Residential 
Residential 



5 

150 



2 
3 
75 
2 
2 
2 

4 
5 

6 
20 



from freeway 
from residential 



street 



10 

5 
5 

20 

15 
12 

12 

^ 

19 
11 

11 

11 

52 

33 
51 

35 



Lead 


- ug/m 




Annual 


Maxi- 


Mini- 


Averane 


mum 


mum 


8.9 


11.8 


6.2 


4.2 


5.4 


2.5 


1.2 


1.5 


1.0 


4.8 


11.8 


1.0 


7.9 


13.0 


3.7 


5.3 


7.6 


2.3 


3.6 


9.4 


1.6 


2.7 


3.0 


2.4 


1.7 


2.1 


1.0 


4.1 


13.0 


1.0 


7.5 


15.7 


2.9 


11.3 


18.4 


5.3 


3.6 


5.6 


0.4 


4.3 


10.8 


1.8 


7.6 


18.4 


0.4 


7.8 


18.4 


1.6 


6.8 


15.7 


2.5 


3.1 


10.3 


0.4 











TABLE 


2.2.1-3 












YEARLY MINIMUM. MAXIMUM, 


AND AVERAGE 


: CONCENTRATION OF LEAD 


PER CUBIC 


METER AT 


SAMPLING STATIONS 
















1967-68 










1958-6° 




Distance 





















from 


Cars 








Cars 








highway 
in feet 


per 

24 hrs. 


Min. 


Max. 




Av. 


ner 
24 hrs. 


Min. 


Max. 


fv. 


30 


19,750 


1.5 


3.3 




2.12 


19,350 


1.1 


5.3 


2.37 


100 




1.0 


2.3 




1.56 




0.8 


3.0 


1.62 


150 




0.8 


2.4 




1.36 




0.7 


3.0 


1 .48 


250 




0.7 


1.7 




1.11 




0.6 


2.5 


1.18 


500 




0.6 


1.5 




0.93 




0.5 


2.5 


1.02 


30 


44,750 


2.4 


6.3 




4.34 


44,900 


2.9 


7.0 


4.59 


100 




1.6 


4.8 




3.09 




1.9 


6.4 


3.31 


150 




1.6 


4.6 




2.72 




1.5 


5.0 


2.34 


250 




1.3 


4.2 




2.42 




1.3 


5.7 


2.68 


500 




0.9 


3.7 




1.9^ 




0.9 


4.6 


2.11 


30 


46,800 


3.8 


13.0 




7.45 


47 ,200 


2.2 


6.2 


4.55 


100 


3* grade 


1.6 


7.0 




3.75 


level 


1.4 


5.4 


2.84 


150 


accelerating 


1.4 


6.1 




3.24 




1.5 


4.3 


2.59 


250 


area 


1.2 


4.7 




2.67 




0.7 


4.0 


2.25 


1750 




0.6 


3.0 




1.36 




0.6 


2.9 


1.46 


10 


58,050 










58,050 


4.3 


15.6 


10.10 


30 




4.1 


9.5 




6.14 




3.1 


9,o 


6. On 


100 














2.4 


7.3 


3.99 


150 














1.7 


5.7 


3.21 


250 




1.3 


4.1 




2.42 




1.5 


5.3 


2.65 


500 




1.1 


3 . 6 




2.05 




1.7 


4.7 


2.16 



Level of Pavement 
Relative to Grade 


Wind 


-30 ft. 




Traverse or 

Parallel 


ft. 




Traverse 


+ 20 ft. 




Traverse 



Lead Levels/5,000 vpd 
0.3 bg/m 3 

1.4 Jig/m 3 

3.1 ug/m 3 



I 
I 



Lead levels at 330 ft. from an elevated section of freeway reached a maximum 
of 10 ug/m 3 /24 hours with peak vehicle densities of 25,000 vehicles per hour. 

2.2.2 Lead Bromine Ratio and Particle Size Distribution of Lead from 
Automotive Sources 

The Rutgers University study also measured the particulate matter and lead 

(>,»' distributions adjacent to a highway with 47,000 vehicles/day. It was 
found that there was a higher portion of larger particles close to the highway, 
l>ut that most of the lead was in a size range below 2 ym equivalent diameter. 



•tor Stage Particle Size pm 

1 7 14 

2 6.5 - 14 

3 3.5 - 6.5 

4 1.6 - 3.5 





Perec 


nt 


Lead 


30' 


250' 




1,750' 


7.1 


6.2 




2.1 


6.4 


6.5 




4.3 


9.7 


10.7 




9.7 


10.8 


11.6 




15.6 



<1.6 



66.0 



65.0 



68.3 



The U.C.D. study also found that nearly all of the lead and bromine were 
; r >i size range below 5 ^um with a substantial portion less than 0.5 urn. 



in 



The bromine 'lead i-b*.o of Lhe particulate was less than the ethyl fluid ratio 
of . 40 and averaged . J ) . 

Studies conducted in the San Francisco Bay Area using Andersen cascade 
impactors confirmed most of the lead from automotive sources was in the 
size range below 1 .76 um and that the bromine/lead ratio was smaller than 
the ethyl fluid ratio of 0.4 (a value of 0.25 ± 0.05 was obtained). A strong 
correlation was again found between automotive lead and carbon monoxide 
adjacent to highways (r = 0.88), 

2.2.3 Lead in Dustfall & Dust 

Levels of dustfall or settleable particles vary widely with the highest values 
being found in heavily industrialized areas. 

The lead content of the dustfall is important because the settleable lead 
particles contribute to contamination of soil of household and roadside dust, 
vegetation, snow and due to runoff from streets and melting snow to lead 
in water . 

There are few published data on general levels of lead in dustfall in urban 

areas . Most data pertains to the contamination of roadside soil and vegetation 

by settleable particles from automotive exhausts. Some dustfall data have been 

11 
reported for areas near secondary lead smelters in Finland 

Lead in dust on horizontal surfaces has been measured in some studies and 
are summarized in Table 2.2.3-1. 



TABLE 2.2.3-1 1 



Site Location 

Urban residential street 
Urban commercial street 
Urban industrial street 



Lead Content of Dust 

1,636 jjg/gram average 
2,413 pg/gram average 
1,512 pg/gram average 



Levels of lead in dirt adjacent to old frame houses have been reported to reach 
values us high as 2500 yg/g two feet from the houses with values up to 600 ug/g 
at ten feet from the houses. ^ 

Levels of dustfall in the vicinity of two small secondary lead smelters in 
Tikkurils were reported to range from 0.05 grams/m2/30 days to .2 
grams/m2/30 days with the highest level being recorded close to a smelter 
which operated without controls for a period of 10 years.* 1 

ah jvorage of 73 percent of homes surveyed in the United States had lead levels 
of 20UU ug/cur on at least one accessible surface. 13 



. 4 



Lead in bulla and Vegetation 



L>OilS 



Ai. 4uuted, the naturally occurring lead content of soils is in the range of 2-200 ppm. 

Numerous studies have been made of soil lead levels along highways. The 
following are the data of Lagerwerff and Specht: 14 



:r.' 



Lead Content of Soil (ug/gram dry wt. ) 



Site 


Vchi* !e 


I*! 


i' nee 


- 5 cm 


5 - 10 cm 


15 cm 


1 


20, ('0(1 


V 


metres 


522 


460 


416 






16 


metres 


378 


260 


104 






J 2 


metres 


164 


108 


69 


2 


48.000 


8 


metres 


540 


300 


98 






16 


metres 


202 


105 


6d 






32 


metres 


140 


60 


3 8 


3 


7,500 


8 


metres 


242 


112 


95 






18 


metres 


140 


104 


66 






32 


metres 


61 


55 


lid 


4 


23,000 


8 


metres 


150 


29 


11 






16 


metres 


101 


14 


8.2 






J2 


metres 


55 


10 


6.1 



The lead content of some soils in urban areas can be extremely high was in- 
stanced by values of from 194 ug/gram in parks in San Diego to 3,357 ug/gram 
in a downtown Los Angeles Park. Levels of lead in soil around houses painted 
with lead based paints can also reach values up to 2,500 ppm. ^ 

Vegetation 

The lead content of plants varies widely depending on location. There does 
not appear to be any direct relationship between soil lead content and the 
content of plants grown in that soil. The ph of the soil and many other 
factors influence the absorption of soil lead by plants. There is, however, 
a correlation between the lead content of plants grown near highways and 
distance from the highway, particularly in the leafy parts of the plant. ^-^ 



Motto et al (1970) grew commercial crops to usable maturity at increasing 
distances from highways. The data in the table following show the tendency 
for lead from the air to accumulate on above-ground plant structures. 



TABLL 2.2.4-1 

Load in Soil and Vegetation Alongside a Major Highway 

49,000 cars per 24-hr. 

Distance from Highway (ft.) 30 100 250 

. l Lead (ug/n»3) 5.2 3.3 2.5 

Soil Lead (ppm> 229 130 89 

at - G" 

Lead in Carrots (ppm) 

Tops 53 22 17 

Roots 9.1 10 5.0 



Motto further reported that washing of leaves removed lead from all plants 
studied. The greatest amount of lead (about 50%) was removed by washing 
from plants within 75 feet of the road. This indicated that most of the lead in 
.ts near roads arises from airborne lead depositing on the plants. 

'. Background Levels of Lead in Ontario 

"up Ontario Ministry of the Environment has conducted numerous investigations 

the fjenpra] levels of lead in the environment in Ontario during the past 5 years, 
h . ui aver ity of Toronto has also conducted studies in the Toronto area. 

1 Su spen ded L ead Levels in Urban Communities 

■olMme filters from selected sites in urban communities have been analysed 
f'H heavy metals by atomic absorption spectroscopy. The data for 1971 are 
shown in Table 2.3.1-1 and can be taken as typical results. 1 ** 



34 



3 
The Provincial median annuul geometric moan value is U .9 ug/m with a range 

from 0.4 ug/m to 2.4 ug/m . 



Thelhighest levels are found in the dense urban ureas of Hamilton and Toronto 

3 3 

with values of 1.7 ug/m" and from 1.1-2.4 ug/m" respectively. The highest 

annual geometric mean of 2 . 4 ug/m was recorded adjacent to the Queen 

Elizabeth Expressway with a traffic density of 98,000 vehicles/day. 



2.3.2 Suspended Lead Levels Near Highways 



Studies funded by the Ontario Ministry of the Environment and undertaken by 

17 
the University of Waterloo have measured the levels and size distribution of 

particulates and lead near to Highway 401 near the Highway 10 interehange 

(av. 2365 vph) and by the Queen Elizabeth VV;iy at Evans Avenue. 



Data obtained with particle counters confirmed data from the literature that 
particle concentrations fell off rapidly with distance from the highway . 

Particle sizing heads used on high volume samplers at various distances from 
the highways again confirmed a rapid drop off of both particulate matter and 
lead concentrations with distance from the highways . Levels were as high as 
13 times the background level within 20 ft. of the pavement and reached back- 
ground levels at distances of about 200 feet from the road . Over 80-L. of the lead 
was in the size range below 1 .1 um close to the road with background lead being 
concentrated in the larger size ranges. The more rapid decrease in lead con- 
centration with distance was in the email size range. 
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levi lie P. ). 17 to 22 

'. Rr.ir>.ile.i - Tire Hall 11 to 17 

3. Hr.ir-pton - Old Court 

House I 1** vo 24 

- .0. 15 to 22 

tic - ^en.ilosp. 14 to 20 

*-. Chatham - P.O. 18 to 25 

n - -ill - "en. [\irk 33 to 40 
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Table 2.3.2 1 Particle Size Distributions ■»!' Suspended Load 

Measured in Ontario 



23' 



66' 



100' 



Distance 


Lead Concn 


ug/'m^ (Hwy 


401 1 mile 


W of Hwy 10 - 2365 vehicles/hr) 


from 401 


" um 


3.3-7 uni 




2-3.3 um 


1.1-2 p m 0.01-1.1 j im Total 


Upwind 

110' 


.1)52 


.76 




i 

.76 


.10 .513 2.1Hf, 



.46 



28 



1.0 



.30 



,23 



.35 



,23 



20 



46 



30 



.20 



6.7^ 



4.2 



3.5 



8.99 



5.31 



4.36 



Distance Lead Concn ug/m' tj.E.VV. at Evans Avenue Exit 

from QEW 7 urn 3.3-7 um 2-3.3 urn 1.1-2 ^jm 0.01-1 jum Total 



50' 



0.3 



150' 



250' 0.16 



300' 0.10 



0.28 



.23 



0.13 



0.12 



0.18 



0.08 



0.07 



0.23 



0.53 



0.07 



2.45 



1 .8 



1.0 



1.07 



3.44 



2.0 3 



1.90 



1.43 



The above studies are continuing in 1974 



2.3.3 Lead in Dustfall 



Lead in Dustfall has only been determined for the Metropolitan Area with the 
exception of data from the vicinity of lead processing plants in other parts 
of the Province. Values ranging from 0.02 to 0.08 tons/mile 2 /30 days have 
been found in urban areas remote from industrial lead sources (see section 2.4) 



2,3.4 Lead Levels in Soil and Vegetation 

Studies conducted by the Ontario Ministry of the Environment have resulted in 
data on average levels of lead found in soil and vegetation in rural and urban 
ureas and adjacent to major streets and highways. 

Table 2.3.4-1 summarizes the data. 

TABLE 2.3.4-1 
Average Lead Levels Found in Ontario Surveys 



SOME AVERAGE 
LEAD LEVELS 



SOIL 
Cppm, dry wt.) 
- 2" 



VEGETATION 

(ppm, dry. wt.) 

not washed washed 



Rural Area 

Urban Area 

Adjacent to Highway and 
r Street Location 



100 
200 - 300 

300 - 400 



15 
70 

100 



10 
35 

50 



Considered Excessive 



600 



150 



75 



Recent soil studies conducted along Highway 401 indicated a rapid drop-off 
in soil lead levels with distance from the pavement and a gradation of lead 
with soil depth such as had been reported in studies in the United States . The 
data are tabulated below . 
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TABLE 2.3.4-2 



Levels of Lead in Soil Collected 



in the Vicinity of Highway 


401 , 


July 


1972 








_ — _ — 


Levels of 


Lead (ppm 


, dry weight) 






South 


of II 


ghway 


North of H 


i ghway 


Distance from pavement (feet) 0-1" 


1 4" 




8-10" 


0-1" 1-4" 




8-10' 


10 300 


hS 




30 


195 83 




38 


25 183 


65 




18 


103 35 




23 


50 100 


43 




15 


88 40 




18 


100 88 


33 




18 


75 35 




25 


200 58 


30 




L8 


55 30 




20 


500 73 


30 




18 


40 28 




18 


800 40 


23 




20 


30 20 




20 



2.4 



Background Lead Levels in Toronto 



2.4.1 



Lead Emission Sources in Toronto 



Table 2.4.1-1 gives an indication of sources of lead emissions in the Toronto area. 
The largest emission in terms of tons/year is from automotive emissions. The lead 
processing plants are next with municipal incinerators and power plants also 
contributing significantly. The effect of these sources differs widely and it can be 
seen that major streets and highways constitute intense local sources with a zone 
of contamination extending 100 - 300 feet from the pavement depending on traffic 
density. The effect of emissions from municipal incinerators and power plants is 
much less, but is more widespread. The lead processing plants lie somewhere 
between the two with zones of elevated suspended lead occurring up to 3,000 feet 
from the source , 



2.4.2 M ensurenu'nts of Background Suspended Lead Levels in Toronto 

Table 2.4.2-1 tabulates data on suspended lead levels in Toronto. It can be seen 
that there is a marked gradation from sites remote from highways and streets 
and the sites adjacent to major roads and highways. 

2.4.3 Measurements of Lead in Dustfall in Toronto 

In the period January - March, 1973, dustfall samples at locations in Toronto 
were analyzed for lead. Figure 2.4.3-1 summarizes the results. It can be 
seen that with the exception of areas near to lead processing plants, values 
ranged from 0.01 - 0.1 tons/mile /30 days (3 - 30 mg/m 2 /30 days). 

2.4.4 Measurements of Roadside Lead Levels in Toronto 

a) Measurements of Suspended Lead Levels at Curbside in Toronto 

Data obtained for Environment Canada in 1972 showed curbside lead levels to 

3 
reach as high as 12 ug/m /24 hours. Table 2.4.4-1 summarizes the data. 

b) Traffic Related Lead Levels on Bay Street 

-He.*, "ii & B^ie ». ." 



TABLE 2.4.1-1 



INVENT ■ • ' EMISSION SOURCES IN METROPOLITAN TORONTO ft A^EA 





ESTIMATLD YE 


,ARLY EMISSION (TONS) 


ESTIMATED MA) 


. IIOU p LY EMISSI 


SOURCE 


Env. Can/1970 


r.MB/l°70 


Env.Ont/197-1 


Ifc/hr. max. 
Emission 


Maximum Cul 
cuiatcd 30 Minute 
Concentration 


Canada Metal Company 


14.25 


30.5 


3.0 


3.3 (C) 




Rotocast Limited 


- 


2.2 


2.2 


4-3 (C) 




Toronto Refiners and 
Smelters Limited 


12.0 




10.1 (ST) 


3.2 (ST) 




R.L. Mearn Generatinq 
Station 






0.025 (C) 


0.01 




Lakeview Generatinq 
Station 






0.23 


0.06 




Prestolite 






7.2 (C) 






Automotive Traffic 


- 




1760 (C) 


402 




Federated Genco 






1.8 (C) 


4.0 


:.'i 


Commissi oners St. 
Incinerator 




6.4 




1.5 


0.5 (30 min.) 


Grand Avenue, Mimico 




1.3 




0.3 


0.25 (30 min.) 


Symes Road Incinerator 




5.4 




1.3 


1.25 (30 min.) 


Ingram Drive Incin. 




3.1 




0.7 


0.15 (30 min.) 


Dufferin St. Incin. 




3.2 




0.7 


0.25 (30 min.) 


Forest Mill Incin. 




0.6 




0.2 


0.20 (30 min.) 


Wellington St. Incin. 




3.4 




0.8 


0.15 



INVENTORY OF LEAU EMISSION SOURCES IN METROPOLITAN TORONTO A AREA 

{Continued) 



1 


ESTIMATED YEARLY EMISSION (TONS) 


ESTIMATED MAX 


. HOURLY EMISSIONS 


SOURCE 


Env. Can/1970 


AMB/1970 


Env.0nt/1°74 


lh/hr. max. 
Emission 


Maximum Cal- 
culated 30 Minute 
Concentration 


Electric Storaqe 






0.6 


0.4 




Battery, Scarborough. 












Electric Storaqe 


- 


9.3 


2.4 (0.8) 


0.7 (.31) 




Battery, Mississauqa. 












lonolli , Mississauqa 


6.10 


. 5.65 


5.6 


1.5 


15 


Globelite Batteries 


- 




0.3 


0.4 


11 


InqoL fletal Company 


- 


- 


9.6 


- 




An^rnftda Brass 


- 






0.2 




hoHiinion Colour 


- 




6.4 


1.6 




tvonr'w Stamp 5 Stencil 






0.016 


- 




Petals S Alloys 






0.3 


- 




](.[•'■ : - Meters 


i 




0.25 




• 


nijnrjrJa i.anada 






0.27 


- 




Toronto Star 






0.7 


- 




'-i'.Se -, Mall 






0.6 


- 




TOTALS 








1 


• 




31051 

TORONTO 

REFINERIES 



& 



310 9 
CANADA 
METALS 



ORG H» 5066 



FIGURE 2. 4. 3-1 " AVERAGE MONTHLY LEAD IN OUSTFALL 
JAN., FEB., MAR. 1973, (TONS/SQ. MILE/ 30 DAYS) 



TABLE 2.4.2-1 dil:tm iiin'Ju:; j i- si:J: ■■■.aw.n iJ.M) elmx:; jn tuku-jtu 



STATION tfO 



J3019 
35032 
35006 

35003 
34007 

34002 

33002 

33001 
31026 
31001 



LOCATION 



Scarborough Bluiis 



Evans Avenue, 
Q.E.W. 

47 Allonaius Dr. , 
Etobiceke 



FEET TO H'.TY. 
OR KAJOR ST. 



2.S00 f:. to 
Kin 58 to. l Rci. 

330 ft. to Q.E.W 



FEET TO 
ARTERIAL ST. 



VESICLES 
PER DAY 



530 ft. to 1 23,300 
Fri^Icy South- 



700 ft. to J 95,000 
Evans Ave. I 



5,000 ft. to ! 150 ft. to I (4,900)* 
Hwy. 27 All stilus Dr.j 

500 ft. to 

Rsiiforth 



I 



Elmcrest Road, 
Etcbicoke 

Bathurat & Wilson 
Dept. of Highways 

Science Ctrtre, 
Don Kills 

Lawrenea and itannedy 
Scarborough 



Pharsiacy U A01 

Crocus Drive, 
Scarborough 

360 Christie St. 
57 College St. 



9,000 ft. tu 
Hwy. 27 

105 ft. to Hwy. 
401 

2,00u ft. to 
Don Kills Rd. 

Z*s aiilca to Huy. 
401 



54 ft. to Hwy. 
401 

100 ft. to Kwy 
A 01 

500 ft. to 

Christie 

L30 ft. to 

College St. 



310 ft. to 
Clncrest Rd. 

5W ft. to 
Wilson 



3 P O00 ft. :o 
Egllrtort 

67 ft. to 
Kennedy. 550 j 
ft. to 
Lawrence 



(1,000) 
150,000 

25,700 
(17,200) 



88 ft. to ; 85,200 
Pharmacy 



1,000 ft. 
to Warden 

130 ft. to 
tfelita Ave. 



75,700 
11,000 



LEAD LEVELS 

Ug/ffi J 

MEAN 



40 ft . to i :.,300 
Cliza^dth 



1.9 

7.5 

3.2 

2.7 

10.5 

5.4 

3.7 

8.5 
4.9 
1.8 

:,2 



0,7 
2.5 
1.2 

0.8 
4.2 

1.5 
1.7 

4.0 
1,5 
1.2 
1.3 



I'jT'-'i i " "rra'. 1 ': ?*: :e°c*:e traffic "fwsi**'-' *n -^ ->•"":''. -»»«—- 1 -*^t 



HE MARKS 



HEIGHT Oi 

1U-VUL 

A3QVE 

I CROUKD 

I 



1972 Data 3 feet 



1972 Data 



1969 Data 



1972 Data 



3 feet 



3 feet 



12 feet 



1971 Data 3 feet 



1971 Data 



30 fe 



et 



1971 Data 3 fee'- 
l 



3 feet 



1969 Data 



1971 Data 



3 feet 



20 feet 



1972 D&tri i ; 5 feet 



CM 



Carbon mono* id Ii-vei .. e als-o measured sii.iallar.<.<..ut ; ry and 3 hour averages 
computed. Traffic counters were installed on both North and Southbound lanes. 

3 
Airborne lead values ranged from 1 to 4 ug/m /24 hour average with a median 

value of 1 .8 ug/m and displayed a log-normal distribution. There was a good 

correlation between traffic density and lead levels on weekdays (10 days sampled) 

but the correlation was poor for weekends (3 days sampled) . There was also a 

very strong correlation between CO and lead levels confirming the findings of 

previous studies. 

The average value of 1.8 ug/m /24 hours at 5 metres from a road with 22,000 

3 

vehicles/day is of the same order as the data of Rutgers University (2.12 ug/m 

with 19,750 vehicles/day) and is much lower than the curbside values of 
Environment Canada. It would, therefore, appear that there is a rapid dropoff 
in suspended lead levels with distance from urban streets with moderate traffic 
densities . It is unlikely that elevation of lead levels above background is signi- 
ficant beyond 15 - 30 feet from the roadway. 



TABLE 2.4.4-1 Environment Canada Data on Suspended Lead Levels 

at Curbside in Toronto 



Site Location 


8-Hour Traffic 
Volume 


Approx.* 

Max, 3 Hour 
Lead Conc.uq/m 3 


24 Hour Lead 
Concentration uq/m 3 


Max. 


Min. 


Aver. 


Bloor & University 
Spadina & Bloor 
University & Adelaide 
Welles ley & Bay 
Adelaide & Jarvis 
King & Bay 


34,802 
20,140 
26,745 
22,141 
18,181 
14,455 


13.5 

17 
6.5 
8.5 

10.5 
5.0 


12.0 

12.1 

6.2 

7.9 
8.6 
2.2 


4.0 
7.5 
2.6 
2.5 
2.0 
4.8 


8.2 
9.4 
4.2 
6.1 
5.8 
3.0 



. 
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30 30 
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J_ 
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FIGURE 2.4.4-1" CORRELATION OF TRAFFIC VOLUME AND LEAD - BAY ST. 



2,4.5 Lo ad Levels in Vegetation am i_ ! 'oil in Metrop oli tan Toronto 

A phytotoxicology survey was conducted by the Ontario Ministry of the Environ- 
ment in 1971 in Metropolitan Toronto. Vegetation and soil samples were collected 
at 65 major intersections throughout Metro. Vegetation samples were collected 
from representative trees, shrubs, weeds and grass at each location and soil 
was collected at both 25 and 75 feet from the intersection. The following figures 
show the chemical analysis results for lead contents in the sampled vegetation 
and soil. Figure 2.4.5-1 shows the average lead contents in not washed vege- 
tation for Metro in four zones of contamination levels (0-50, 50-100, 100-150, and 
over 150 ppm) . Generally, rural to suburban residential areas fall in the 0-50 
ppm lead zone; urban residential, commercial and major roads fall into the 
50-100 ppm lead zone; industrial fringe areas and the downtown core fall into the 
100- 150 ppm lead zone; and industrial lead sources and the intersection of major 
highways fall into the over 150 ppm lead zone. 

Figure 2.4.5-2 shows the average lead contents in surface soil for Metro in four 
zones of contamination levels (0-100, 100-600, 600-1000. and over 1000 ppm). 

2. 5 Discussion of Expected Lead Levels in Toronto 

On the basis of the data presented on background levels in urban areas and lead 
levels adjacent to highways and main arterial streets , it is possible to predict the 
expected lead levels in various parts of the city. It would be expected that the 
lowest levels would occur in suburban residential areas remote from traffic and 
industrial sources and the highest levels in downtown areas near highways and 
industrial sources . 
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FIGURE 2. 4. 5-1 - AVERAGE LEAD LEVELS IN NOT WASHED VEGETATION (PPM) 
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FIGURE 2.4.5-2 - AVERAGE LEAD LEVELS IN SURFACE 10"- 2") SOIL (PPM) 
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Table 2,5 1 classifies the types of areas that would be found and gives the 
range of environmental lead levels in each area. 

TABLE 2.5-1 Classification of Toronto According to 

Expected Lead Levels in the Environment 


expected fl 




EXPECTED LEAD LEVELS • 


TYPE OF AREA 


AIR 
ug/m3/24 hrs. 


DUSTFALL 
tons/mi le 2 /30 days 


SOIL 
ppn. 




VEGETATION ■ 

PP 11 - Q 
(not washed) 


1. . : iburban remote from 
traffic & industry. 


0.5 - 
1.0 


0.01 - 
0.05 


20 - 
200 


1-50 ■ 


2. Downtown away from 
traffic and industry. 


1.0 - 
2.5 


0.03 - 
0.08 


100 - 

400 


50-100 1 


3. Downtown 200-500 feet 
fron :-sway (remote 

from industry) . 


2.0 - 

10.0 


0.05 - 
0.15 


200 - 
600 


LQO-150 \ 


4. L*Jwntown 10-50 ieet from 
major arterial street 

. -. e from . t y) . 


1.5 - 
5.0 


0.05 - 
0.15 


200 - 
600 


100-150 




M 
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3. LEAD AND HUMAN HEALTH 

3.1 Lead in Man's Environment (Natural Sources) 

3.1.1 Lead in Soil 

While lead in sufficient concentration (3 - 8%) and in accessible areas to 
warrant mining is comparatively rare , almost all rocks and soils contain some 
lead. While the average concentration is about 15 parts per million (ppm) in 
soil, there is considerable variation with few soils being found with levels of 
lead too low to detect. 

3.1.2 Lead in Plants 

The widespread occurrence of low levels of lead in soils means that plants 
grown in them are exposed to and take up lead . The amount of lead absorbed 
by the roots of the plant depends both on the type of soil, the type of plant 
and the season of the year . 

3.1.3 Lead in Water 

While there is no direct way of measuring the lead level of surface waters 
prior to the Industrial Revolution, some judgments based on measurements 
of lead levels in water made in recent years can be made. 

The generally low concentrations of lead presently found in rivers and lakes 
away from obvious sources of lead contamination (between 1-10 micrograms 



per litre suggest that the levels in the past would have been even lower. 

in the sea , because of the very slow mixing of the deep layers of the ocean with 
surface waters, measurements of the lead content of water from below 2000 
metres probably approach the lead levels existing generally in sea water prior 
to industrial activity . The lead levels in such sea water samples range from 
0.02 to 0.04 microgram per kilogram . 

The lead levels in precipitation several thousand years ago can be measured 
directly under special circumstances since the snow falling in such places 
as northern Greenland is compacted into ice sheets which form chronologic 
layers. The lead levels in snow deposited around 800 B.C. in northern 
Creer tand are less than 0.0005 microgram per kilogram . 

In general it may be concluded that the lead levels in water before 1700 A.D. 
were extremely low . 

3.1.4 Lead in Air- 

There is no direct method of measuring the levels of lead in air thousands of 
years ago but in measuring lead in precipitation, particles and gases are 
trapped by the snow or rain in the atmosphere and carried to the surface of 
the earth . Thus it can be assumed that, if very low concentrations of lead 
are found in frozen precipitation , the levels of lead in the atmosphere at the 
dnie the precipitation occurred were also very low. These very small amounts 
of "natural" lead in the atmosphere result from windborne dust and from the 
decay of Radon gas which diffuses from the earth's crust. 
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Theoretical E stimates of N atural Levels of Loud in Aii , Water and Soil 

Dr. Clair Patterson has estimated from theoretical considerations the levels 
of lead that would have existed in the air, water and soil prior to man's 
discovery of lead and while such calculations must be highly speculative, they 
suggest that the level of lead in the air was very much lower than today in all 
but very remote areas. Patterson estimates the atmospheric lead level due to 
purely natural causes without man's intervention as in the range of 0.0005 - 
0.0006 microgram per cubic metre while measured atmospheric lead levels from 
northern Greenland show a level of 0.005 microgram per cubic metre. Similar 
measured levels have been found in Siberia and at high elevations in the White 
and Laguna Mountains . 

3.1.5 Lead in Animals, Including Man 

As in soils, plants contain low concentrations of lead and they, in turn, con- 
tribute lead to the diet of animals either directly in the case of animals which 
eat plants or indirectly in the case of animals that eat flesh . Man being 
omnivorous may be presumed to have always absorbed some lead from both 
plants and animals in his diet. This speculation is borne out by analyses of 
ancient human bones such as those of 40 Indians living in Arizona during the 
period 700 to 1450 A.D. These specimens were from original burial sites and 
did not include museum material. The lead levels in the bone ash of the ribs 
were 6 to 8 ppm while that in native skulls from Mexico from the time of the 
Conquistadors, circa 1520, had a range of 2 to 4 ppm lead in the ash . Similar 
results were found for bones from the third century A.D. discovered in Poland, 
the lead levels ranging from 1 .81 to 3.40 ppm . 



Man's Lffcct on liif I^ituT\i] Le;-m Levels in hts hnvircn.iicut 

Lead has been used by man since at least 1500 B.C. when there is mention of 
leaden objects being captured by the armies of Pharoah Thutmosis III. The 
scale ot use oi leau in the ancient world, however, was not such as to alter 
the lead concentration of man's environment as a whole, although by the second 
century B.C. there is written evidence that workers with lead were known to 
have developed the abdominal colic and muscular paralysis that have become 
classic signs of lead poisoning in adults. 

From this time until the beginning of the Industrial Revolution man contaminated 
only his local environment with lead by intentional or accidental adulteration of 
cider , rum , food or drinking water conveyed in lead pipes . 

vwtn the coming 01 steam power and the ability of man to enlarge the size of his 
Mi..ji<.ers ana icieiuiieo more extensive contamination of the environment with 
leau uegan. ihis increase in contamination can be deduced from several pieces 
.1 u\ luence. in me studies previously referred to of the levels of lead in the 
itv in oieeinanu u was tound by iVlurozumi that the lead levels in the ice formed 
uy snow falling during the early years of the Industrial Revolution are 25 times 
those found in 800 B.C. , while today the lead concentrations of recently fallen 
snow are aoout 4UU times the pre-industrial levels. Similar information has been 
derived from studying the lead levels in two Polish glaciers which show that lead 
levels have risen by a factor of ten in the past century . 

ii is ol interest that the lead levels in Antarctic ice sheets do not show similar 
increases to those found in the Arctic. This is probably due to the generally 



lower level of industrialization in the Southern Hemisphere and the relatively 
poor mixing of air between the two hemispheres. 

Further evidence of increase in lead contamination is provided by a comparison 
of the leud levels in mosses gathered during the years 1860 to 1968. Over this 
period the lead levels in the mosses rose four-fold with the sharpest rise 
occurring after the end of the Second World War . This latter finding is 
paralleled by a similar sharp increase in the lead levels in the Greenland ice 
after 1940. 

In compuring the levels of lead in bone found in the studies already mentioned 
with those found today an increase of between 10 and 20 times is found . 
Such u general statement needs qualification, however, for Jaworowski's data 
show that the lead levels in bone were higher in the 19th century than they are 
today, while a study of lead levels in hair has also shown a fall from a mean of 
164 ppni for children's hair from the period 1871 - 1923 to 16 ppm in hair from 
present-day children. The change in the lead concentration in adults' hair was 
from 93 to 6.5 ppm . These results suggest that the total amount of lead 
absorbed from all sources was greater at the turn of the century than it is today 
despite on undoubted increase in the lead levels of the air in urban communities. 
Such a finding would be in keeping with what is known of the opportunities of 
lead to enter the diet in the period between 1700 and 1900 at which time improved 
food technology and higher standards of sanitation began to reduce the lead 
taken in with food and drink . 



3 . 2 Present Levels of Lead in Man's Environment 

The mere presence of lead in man's environment does not, by itself, necessarily 
threaten his health, e.g. , the lead sinkers on an angler's fishing line. It is the 
concentration and the form of the lead in relationship to man's activity that may 
endanger health. For instance, adults can, and do live in dilapidated housing 
with lead paint peeling from the walls without suffering from lead poisoning but 
a child just able to walk and who explores this same housing using his hands 
and mouth may be in grave danger of lead poisoning through ingestion of the 
flakes of lead paint. 

A knowledge of present lead levels in the environment can help in locating those 
areas where the risk of lead absorption by humans is greatest. 

3 . 2 . i Lead in Soil 

It has been calculated that despite the general world-wide dissemination of 
lead due to man's activity , the average increase in soil lead level due to lead 
in precipitation (approx . one microgram per square centimetre per year) and 
dustfall (0.2 microgram per square centimetre per year) is probably too small 
to measure (0.04 - 4 micrograms of lead per square centimetre per year) . 
To date , uttempts to measure the global effects of lead pollution by measuring 
changes in the lead levels in soil have been unsuccessful and have borne out 
the theoretical prediction . 

Ln contrast to this difficulty in recognizing a world-wide increase in soil lead 
levels , local increases due to local sources have frequently been detected and 
measured . 



In the vicinity of lead mines the "spoil" may increase the lead level in the 
surface soil so that plants grown in them are enriched in lead and represent 
a hazard to animals grazing on them . In mining areas the transportation of 
lead concentrates from the mines to the smelters in open trucks has resulted 
in a ten-fold increase in soil lead levels alongside the highway used by the 
trucks carrying lead ore compared with roads not travelled by such trucks. 
While this study does not state whether the traffic densities were similar on 
the two sets of highways it is important because it points to a possible problem 
posed by the conveyance of all toxic , dusty materials in uncovered trucks and 
railroad cars. Battery scrap going to secondary lead smelters would be such 
a material. 

In recent years a great deal of data have been accumulated showing that the 
burning of gasoline containing lead antiknocks is the most general source of 
environmental lead contamination. This matter and current lead levels in air 
and water have been discussed in greater detail in Section 2.0 of the report. 

3.2.2 Lead in the Diet 

The air he breathes and the food he eats represent man's most intimate contacts 
with the lead in his environment. 

For a few persons with specialized occupational exposure such as those engaged 
in the manufacture and blending of lead antiknock agents together with those 
men who remove the sludge from gasoline storage tanks, the skin may also 
represent a surface through which lead can enter but this is a hazard peculiar 
to these occupations. 



For the reasons stated earlier there has always been lead in man's diet and 
there is some evidence that the amount of lead increased with the beginning of 
the Industrial Revolution. This increase was unlikely to have been due to 
general lead contamination of crop and grazing land but was more likely due 
to the use of lead arsenate insecticides and lead in food processing equipment. 
With the introduction of organoehlorine and other non-lead-containing 
insecticides, together with the introduction of stainless steel in food processing 
equipment, lead levels in the diet appear to have dropped. Other sources 
contributing lead to the food in earlier years were the use of pewter eating 
utensils and of glazed earthenware with a high lead content. Both of these 
sources have largely disappeared although improperly fired lead glazed pottery 
still accounts for a few cases of lead poisoning each year. 

The lead levels in the diet do not seem to have changed much during the past 
lorty years and this belief is supported by the observation that the blood lead 
levels of populations studied during the past thirty years do not seem to have 
c-hanged significantly. Of course the blood lead level reflects lead absorption 
roro all sources - not only the diet - and so it is possible that lead levels in the 
diei have continuea to drop but this effect has been balanced by an increased 
contribution of lead from the air. The amount of lead in a person's diet will 
vary considerably from day to day and to some extent with food preferences but 
two reasons tend to make generalizations about the dietary intake of lead of some 
value. The first is that no normal items of the diet differ very greatly one from 
another in their lead content with the exception of some molluscs such as oysters 
and the second reason is that, in North America, the diet of most people is made 
up of items from a very wide variety of sources so that local influences on lead 
content tend to be of little importance over a period of time. 






A number of remit studies have shown iti.,i the uvrn ntent of the diet in 

North America is between about 106 and 220 micrograms of lead per day for 
adults . Studies in children have been few but there has been reasonable 
agreement on the levels of lead both between authors as well as estimated and 
measured results. The conclusions of these studies suggest that the dietary 
lead intake of children should be related to their weight, or more correctly, 
their surface area, A child two years old, for instance, eats a diet containing 
about half the number of calories of an adult and may, therefore, be assumed to 
take in about half as much lead. This would result in a lead intake for a two- 
year-old child of between 53 and 110 micrograms of lead per day. Support for 
this being a realistic range for the lead intake of a two-year-old child is supplied 
by the studies in England of actual dietary lead intakes in children and of the 
estimated intake of a child of this age . This latter investigator suggests 75 
micrograms per day as the average lead intake for such a child . Because of the 
difficulty of measuring the lead levels in the diet actually eaten by young 
children, it has been more usual to measure the average daily lead content of 
the feces which represents about 90 percent of the intake of the element. Studies 
in which this has been done suggest that the daily intake in children in the 
United Kingdom and North America is about 10 micrograms of lead per kilogram 
of body weight in the age range of to 5 years . 

In considering the diet of young children it is of interest that in 1968 the lead 
level of some U.S. evaporated milk was found to be as much as . 8 ppm . A 
program jointly instituted between the industry and the U.S. Food and Drug 
Administration has resulted in a reduction in lead level until the average lead 
content of over 3000 samples of evaporated milk taken during the first six 
months of 1973 was 0.12 ppm . 



3 .2.3 Other P otential Sources o f Lead Intake in Man 

Apart from the leud which is either inhaled or eaten under "normal" urban 
circumstances some human activities or unusual conditions may increase the 
lead intake still further. These may be; 

(1) Pica 

Pica is defined as the eating of non-food items and is a common activity 
in young children. When this involves paint with a high lead content, 
considerable intakes of lead may result from the ingestion of flakes 
only a few millimetres in diameter . Children may also eat garden soil 
and almost inevitably all children ingest some house dust. If the soil 
and/or the house dust contain high concentrations of lead they may 
provide a significant source of lead absorption. 

The eating of lead paint by young children has been the single most 
important cause of lead poisoning in children in the United States. 
Such poisoning is seen almost exclusively in children of pre-school 
age who live in deteriorated housing built before 1940. Since that 
time titanium dioxide pigments began to replace the pigments in most 
interior paints . 

The repeated ingestion of leaded paint chips for about three months or 
longer can lead to clinical symptoms and eventually to the absorption 
of a potentially lethal body burden of lead. Three factors appear to 
be important in the causation of this type of lead poisoning; a poorly 
kept, older house, a young child with pica and parents with inadequate 






resources (emotional, intellectual, informational and/or economic) 
to cope with the family's needs . 

In Canada, for reasons that are not understood, the tragic experience 
of the United States with childhood lead poisoning does not appear to 
have been repeated and it would not have been missed if it had occurred 
on the same scale as in Baltimore, Philadelphia and New York. It is, 
however, possible that a lesser problem might have been missed since 
the early signs of lead poisoning are non-specific and physicians not 
alert to the possibility might not make the diagnosis. 

Blood lead screening programs such as those conducted in New York 
and Chicago have not been carried out in Canada prior to those reported 
in this report and so the percentage of children having high blood lead 
levels has been unknown. It can be concluded that if Canada has a 
childhood lead poisoning problem it must be small compared with certain 
cities in the U.S. and that the reasons for this remain speculative at 
this time but probably include social, economic and, perhaps, climatic 
factors . 

(2) Soil, Street and House Dust 

As with pica for paint, for soil, street and house dust to be significant 
sources of lead intake it is necessary not only for the lead content of the 
soil and dust to be high but also human behaviour must be such that 
these materials are eaten. This eating may be deliberate, as with paint, 
or it may be inadvertent as with house dust or street dirt. The hazard 
posed by the lead in soil and dust is disputed; some investigators feel 
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that it has not been demonstrated to be an important hazard while 
others have pointed to the concentrations of lead that have been found 
in urban dust and soil as certainly representing an opportunity for 
amounts of lead greater than those normally eaten in the diet to be 
ingested during the course of normal childhood behaviour . 

(3) Chewing on Comics and Newspapers 

Several investigators have found that pigments used in the printing of 
the coloured pages of some magazines and comics contain high levels of 
lead , One case of high blood lead level in a child in the U.S. has been 
reported as possibly due to the chewing of newspapers and magazines, a 
type of behaviour which had been observed. In some English and U.S. 
comics levels of several thousand ppm lead have been reported for a single 
page and such an amount eaten from time to time could cause lead poison- 
ing since a single page would exceed the acceptable level of lead in the 
diet by as much as a ten-fold factor . Studies still in progress by the 
Ontario Ministry of Health have not shown Canadian comics and coloured 
supplements to contain high lead levels . 

t,4) Occupational 

In any consideration of environmental lead levels and human lead intake 
the working environment must be considered as both historically and 
currently an important potential source of lead absorption. The relevance 
to the present community studies in the Toronto area is clear because 
workers in the lead industries may also be residents of communities close 
to the plants where they work and any lead absorbed during the course of 
employment will be added to by any additional absorption in the community 
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Poor personal hygiene may be a very significant lead exposure to 

some employees. In addition, employees that are allowed to go 

home in their contaminated working clothes or employees failing to wash 

thoroughly before leaving the plant may result in lead dust being 

carried home to contaminate the home. Such cases have been 

strongly suspected in the investigation of community lead contamination 

in other countries . 



(5) Drinking Water 

Lead in drinking water has traditionally been a problem associated with 
soft water and lead water supply pipes; such associations are thought to 
be rare in Toronto but studies are currently under way analyzing water 
from the homes of persons found to have high lead levels as well as 
visual inspection for lead piping by the Public Health inspectors . That 
even today new sources of water contamination can be found is illustrated 
by the finding of levels of up to 8 ppm lead in water boiled in some models 
of electric kettles , This discovery by the Department of Health of the 
City of Toronto has resulted in action to eliminate the use of lead solder 
in those portions of the kettle coming into contact with the water. 
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(6) Unusual Dietary Sources 

The most common dietary source of lead poisoning in the southern U.S. 
is illicitly distilled liquor. The lead contamination may occur in several 
ways but one of the most important is the use of old automobile radiators 
as a condenser with consequent leaching of the lead from the soldered 
joints. About half of the samples of illicitly distilled liquor tested have 
had concentrations of lead greater than 1000 micrograms per litre. In 
Canada illicitly distilled liquor which has been impounded is routinely 
tested for lead content and it is seldom found to be elevated . 

Lead may also enter the diet from improperly glazed ceramic containers 
and , while this has already been referred to as a problem in commercial 
potteries, it is potentially even more of a problem for the home hobbyist 
who does not use lead-free glazes and where the ceramics may not be 
fired at a sufficiently high temperature . If acidic drinks such as cola or 
cider are held in containers made under these conditions they may leach 
out the lead and hazardous concentrations can be produced in the 
beverage. 

3 . 3 Health Effects of Lead 

3.3.1 Uptake 

As has been previously mentioned, lead may be taken into the body by inhalation, 
ingestion or through the skin. Only inhalation and ingestion will be dealt with 
here since skin absorption is only met with under certain specialized circum- 
stances in industry . 
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Uptake From the Lungs 

Although lead may be present in the environment as a suspended particle in 
the air, this fact alone does not guarantee that it can be inhaled and absorbed 
by man. The size of the particles of lead dust will determine the fraction 
which is deposited in the lung. Particles larger than 7 microns in diameter 
are generally filtered out by the nose and large air passages high up in the 
respiratory system . These large particles are usually removed by sneezing 
or coughing where a certain percentage will gain access to the throat and be 
swallowed. Particles below the size which are caught by the upper airways 
may descend down into the lung but here again their size determines their 
fate. About 60% of the particles having a diameter of between 2 and 3 microns 
are retained within the lung and as the particles become smaller this percentage 
drops until with a particle size diameter of 0.5 micron, only about 25% of the 
particles will be retained in the lung, the rest being exhaled. With still smaller 
particles the percentage retained in the lung again rises towards 60%. 

Not all particles that have survived the body's filtration mechanisms and have 
been deposited in the lung will stay there . A proportion of them will be taken 
up by scavenging the cells within the lung and some of these cells will carry 
the contained lead particles upwards to be coughed up and perhaps swallowed. 
Others of the necrophaged cells will penetrate the walls of the lung and can 
then be considered within the body although they may remain within lymph 
nodes in the area for some considerable period of time. Particles deposited on 
the walls of the larger air passages can be moved upwards by the action of 
fine hair-like processes called cilia and these can raise the particles to the 
back of the throat where they may be swallowed. 



A fine lead particle lying in the deep spaces of the lung will gradually be 
dissolved and absorbed into the bloodstream. The rate at which this occurs 
will depend upon the size of the particle and its solubility. 

There is still a considerable amount of discussion as to the percentage of the 
lead in the urban air which is retained and absorbed . This uncertainty arises 
from the extreme difficulty of carrying out experiments which accurately 
reproduce real life conditions , At the present time the figures most often used 
for combined retention and absorption is 37% of the lead typically found in an 
urban environment. Two of the most careful workers in the field, however, 
have reported the proportion of lead particles retained in the lung to be as low 
as 10% while other workers using slightly different techniques have found the 
percentage of lead retained to vary from 27 to 62%. The question of the retention 
of lead particles in the lung has been discussed at some length because this per- 
centage retention is critical in using any mathematical model and variations in 
the retention factor will cause quite large differences in the amount of lead 
assumed to enter the body . 

3.3.2 Gastrointestinal Absorption 

In adults it is probable that under normal conditions not more than five to ten 
percent of the lead ingested in the diet is absorbed from the gut. The situation 
in children is far less clear partly because of the understandable lack of 
experiments in this area. In studies measuring the input and output of lead in 
children , it was shown that there was approximately 50% retention from the 
gut but whether this represents a true difference in the behaviour of the lining 
of the gut or rather indicates that the growing child who maintains relatively 
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constant tissue levels 01 lead must, ul necessity, retain a higher percentage 
of the lead in the diet than an adult, is not known. Some suggestion that the 
lining of the gut in young animals handles lead differently from that of mature 
animals is provided by u recent study of lead uptake in rats in which 50% of 
the lead of the diet of very young rats was absorbed . 

3.3.3 U ptake by the Blood 

The lead which is retained and dissolved in the tissue fluids of the lung and 
intestinal mucosa is picked up by the blood where 95", of it is bound to the red 
cells. 

Lead is transferred from the blood to the other body tissues and if the intake 
of lead by the body is constant, the blood and soft tissues such as liver, kidney 
and muscles will come into a state of dynamic equilibrium with the lead in the 
blood . 

Lead, like strontium , is a bone seeking mineral and under conditions of long 
continued, steady intake about 90% or more of the total body lead is stored in 
the skeleton. Because the lead takes part in the formation of the crystalline 
structure of the bone in which form the lead can generally be considered inert 
and has no effect upon the body. If, however, the body rate of lead intake 
decreases it will be removed from the bone at a very slow and constant rate. 
There have been suggestions in the older literature that under certain circum 
stances lead may be released more rapidly from the bone. Factors which have 
been incriminated have been acute or chronic infections, fever, fractures and 
excessive alcohol intake. Although, in general, objective evidence to support 



these claims is lacking, it is reasonable to suppose that if lead and calcium are 
metabolized similarly in bone, then factors which tend to release one will also 
release the other. 

3.3.4 Excretion of Lead 

Although it is commonly said that lead is a cumulative poison, this means no 
more than that lead is fairly slowly excreted from the body and it is compara- 
tively easy to take in lead faster than the body can excrete it through the 
kidneys and bile . 

For practical purposes , most human beings can be considered in lead balance 
where the amount of lead taken in from all sources is balanced by the excretion 
in the urine and feces. It is known that this is not absolutely true since there 
is a slow but steady increase in the lead content of the skeleton throughout 
life but for the reasons previously given this lead is not considered to affect 
health . 

3.3.5 Effect of Lead on Blood Formation 

It has been known since man first began to work with lead that one sign of 
lead intoxication was that people became pale. In recent years the reason for 
this pallor due to lead has become clear and it is now known that it is due to 
an interference with the formation of hemoglobin , the red pigment of the blood . 
This interference by lead is caused through its effect on an enzyme ALA or 
aminolaevulinic acid dehydrase. It has been shown that there is a direct 
relationship between the concentration of lead in the blood and the activity of 



the enzyme n h;*& tilsu beta ... un,, i/iai bleu; i.- «" amount oi' lead so small 
that it does not, Lo &.ome extent, aecruuse the activity of the enzyme. While 
this is known to happen in tite test tube, it seems unlikely that this can happen 
exactly in this iushion in the body since it would be expected that any decrease 
in um tiifcyjud i ct<uU\ ilv v.oujU bji demonstrated by some interference with the 
body s builoiay 01 the hemoglobin molecule. This would most likely be shown 
by the ouiluup oi die raw material, aminolevulinic acid, which through the 
activities oi AlA denydiase are brought together to form porphobilinogen, but 
such a ouilaup oi anunoiaev almic acid does not occur at blood lead levels 
below 30 micrograms of lead per hundred millilitres of whole blood and is not 
appreciable until the blood lead level has risen to around 40 micrograms of 
lead per hundred millilitres of whole blood. This apparent inconsistency 
between the effect of lead on the activity of an enzyme in the test tube and the 
effect in the body might be explained by assuming that the body has a large 
excess supply oi the enzyme. This finding would be consistent with the finding 
that ieuO workers in very high exposures may have no demonstrable ALA 
dehydrase activity bat yet not be anemic and appeared to be in good health. It 
has also been iound tiiat dogs with no measurable ALA dehydrase activity due 
to a ingn leau diet, can alttr being bled manufacture hemoglobin just as fast as 
dogs that have been un a normal diet that have been bled by a similar amount. 
Almost all of the information we have on the effect of lead on the synthesis of 
the heme portion of the hemoglobin molecule comes from observations on red 
blood cells. Yet all the cells of the body synthesize their own heme containing 
enzymes and ALA dehydrase is widely distributed in all tissues. This would 
suggest that the observations on red blood cells may serve as a model of lead's 
probable effects on heme synthesis in other organs. This has been shown to 
occur in the brain tissue of laboratory rats fed levels of lead that produced 



/ 



levels of about 30 micrograms of lead per hundred millilitres of blood the level 
of ALA dehydrase activity in the brain did not differ significantly from the levels 
found in rats that had not been given any added lead at all . 

So far it is only in the blood that it is possible to measure a direct cause-and- 
effect relationship between the biochemical disturbance in the body and its effects 
on health in animals or people . In the blood this effect on health is anemia brought 
about by a decrease in heme synthesis. This decrease leads, in turn, to a 
diminished life-span of the red cells and later to a decrease in their number and 
in the amount of hemoglobin in each cell. To compensate for these effects, the 
blood forming tissues step up their production of red cells and , as a result , 
immature red cells appear in the circulation . Despite the fact that an interference 
of heme synthesis can be found at blood lead levels of around 40 micrograms of 
lead per hundred ml of whole blood, anemia is not normally seen until much higher 
blood lead levels are reached and in adults these levels have been found to be in 
excess of 100 micrograms per hundred ml . Despite this lag between the early 
biochemical detection of the effect of lead and the clinical expression of this bio- 
chemical disturbance , it is important to recognize that arithmetic increases in the 
lead content in blood above 40 micrograms per hundred ml of whole blood are 
associated with exponential increases in urinary aminolaevulinic acid output and 
with other measures of the metabolic effects of lead and of the amount of lead 
stored in the bone . For the clinician this curvilinear relationship between the 
blood lead content and measures of the biochemical effects of lead indicates that 
arithmetic increases in blood lead concentration are associated with an exponen- 
tially decreasing margin of safety. For example, an increase in blood lead content 
from 40 to 60 micrograms per hundred millilitres of whole blood may be associated 
with relatively little change in health status whereas an increase from 60 to 80 
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micrograms per hundred nil 01 whale blood markedly increases the risk of 
symptomatic illness. The diagnostic evaluation of human subjects may be 
based on the concept of exponentially increasing risk that attends arithmetic 
increases in blood lead content. 

3.3.6 The Filed of Lead on the Nervous System 

The effect of lead on the nervous system has been one of the earliest observa- 
tions of man since he began working with lead. Both the peripheral and central 
nervous systems may be affected and the degree to which these two systems are 
affected is responsible in large part for the difference in the clinical picture 
between adults and children suffering from lead poisoning, 

In adults in whom effects on the peripheral nervous system are more pronounced 
and form a prominent part of the clinical picture of lead poisoning weakness of 
muscles, particularly those most often used, may be the first evidence of poison- 
ing. This weakness of the muscles appears to be at least portly due to damage 
to the nerves supplying the muscles and appears to be largely reversible when 
exposure to lead is reduced. The finding that the muscles most likely to be 
affected are those most often used in a person's occupation has led to the 
classical description of "painters' wrist drop" which affected the muscles of the 
arm most often used by the painter. If the lead exposure continues at a high 
level, the muscular weakness spreads and may involve both arms and the shoulder 
muscles but such cases are now extremely rare. 

Tests of the function of the peripheral nerves have been used by a number of 
investigators in recent years in an attempt to detect neurological damage prior 



to clinical effects becoming obvious. There is no consistency in the results 
ol these neurophysiologies investigations and in general human cases show 
no significant decrease in the rate of conduction of the nerve impulse although 
some workers have shown contrary evidence but in these instances the subjects 
studied were industrial workers exposed to fairly high concentrations of lead 
(lead concentrations in the blood above 80 micrograms per hundred millilitres) . 
There is a suggestion in some preliminary work that there are minimal changes 
in nerve conduction at blood lead levels of about 50 micrograms per hundred 
millilitres. Such findings are difficult to interpret as they appear not to be 
associated with any clinical disability. 

3.3.7 Lead Encephalopathy 

Encephalopathy is an uncommon feature of lead poisoning in adults although it 
does appear to be more of a risk in the U.S. amongst drinkers of moonshine 
whiskey but of course in this case the lead intake is complicated often by a 
high alcohol intake. In contrast to the experience in adults, children with lead 
poisoning show encephalopathy much more frequently. The dramatic and life- 
threatening nature of this manifestation of lead poisoning in children is asso- 
ciated with a much poorer prognosis than lead poisoning in adults since the 
disease in adults is considered to be almost completely reversible upon removal 
from lead exposure . While there may be some question about the complete 
reversibility in adults, there can be no question that clinical lead poisoning in 
children is a medical emergency and that even after recovery from the acute 
episode the prognosis is clouded by the possibility of permanent brain damage. 
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3.3,8 Loud Uk-Us on \\a- Kidney 

The charHCteristic finding in the kidney of animals , children and adults 
poisoned with lead is the intranuclear inclusion bodies in the cells of the 
proximal tubule. These intranuclear inclusion bodies contain lead and it has 
been suggested that they may serve a protective role in accumulating soft 
tissue lead, thus minimizing toxic injury to other cellular components. The 
number of inclusion bodies in the kidney is dependent on the severity of the 
lead exposure but is not known to directly affect the functioning of the kidney. 

High exposures to lead are associated with functional changes apparently due 
to damage to the proximal tubule which allows the leakage of amino acids, 
sugars and phosphate into the urine . While the condition is most commonly 
found in children, it has been reported in adults. This condition is associated 
with severe lead exposure and would normally be accompanied by other 
clinical evidence of lead poisoning. 

In the older literature dealing with the effects of lead, there is continual 
reference to the severe effects on the kidney of long continued high lead 
exposure. The fact that such effects on the kidney have been disputed in 
recent years may , in part, be a reflection of the much lower lead exposures 
of occupational groups. Such effects on the kidneys have been particularly 
well documented in Australia as the result of long-continued high exposure of 
children. The Australian experience has been confirmed elsewhere although 
the incidence of subsequent renal damage of the high lead exposure is less 
than reported in that country. A follow-up study of lead poisoned children 
in Boston found that fewer than one percent of the children went on to show 



chronic renal damage but the difference between these cases and those in 
Australia is not only in the severity of the exposure but also in its duration. 
Drinkers of illicit whiskey in the southern United States commonly show 
chronic renal damage as part of their disease. Recent studies in industry 
have shown that contrary to the experience in the 1800's, chronic renal damage 
is now a rarity . 

3 .4 Effects of Lead on Behaviour 

Clinical lead poisoning is widely believed not to happen when the blood lead 
concentration is below 80 micrograms per hundred millilitres and as long as 
the definition of clinical lead poisoning is carefully adhered to there is little 
information in the world literature that suggests that this is incorrect when 
considering adults and is probably true even for children although more 
workers have reported clinical sumptoms at blood lead levels below 80 micro- 
grams per hundred ml in children than in adults. Many of these reported 
cases, however, when studied in detail show that the blood lead level was 
not determined at the onset of the illness but at some period after exposure to 
Irad may have ceased. Whether or not clinical lead poisoning occurs at levels 
below 80 micrograms per hundred millilitres may still be a matter for debate 
but this debate becomes less important in the face of the information that there 
is a complete spectrum , from normal through high lead absorption to inter- 
ferences with the biochemical processes of the body , to changes in structures 
such as the intranuclear inclusion bodies in the kidney to overt clinical 
poisoning. As has been shown earlier, heme synthesis may be impaired in 
the absence of symptoms and thinking in black and white terms is, therefore, 
out of date and the grey area of subclinical lead poisoning is especially 
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important now that load is recognized as a public health hazard, There have 
been reports, for example, suggesting quite non-specific effects such as 
inhibition of phagocytosis, mitotic disturbances, shortening of life-span in 
laboratory animals, effects on the immune mechanism and effects on hormones. 
It must in fairness be stated that these effects have only been found in cases 
of very high lead exposure where other evidence of lead toxicity would be 
expected. 

It has been known for many years that lead can affect behaviour although this 
was particularly connected in adults with the effects of tetraethyl lead in 
which severe poisoning resulted in a toxic psychosis with hallucinations, 
delusions and excitement which could end in delirium and death. If, however, 
the mental sumptoms disappeared, recovery was very likely but a complete 
return to health might take several months . 

The other instance in which lead was known to affect behaviour was the effect 
of acute lead poisoning in children where brain damage and mental retardation 
had been recognized to occur in as many as 25% of fully developed cases of 
lead poisoning. 

In recent years attention has been devoted more to the possibility that levels 
of lead in the body not previously thought to be associated with any effects 
other than enzyme inhibition may be associated with behavioural changes. 
Two papers have sought to show that fine motor development, concept forma- 
tion, some aspects of behaviour and I.Q. were poorer in children with high 
lead intakes compared with controls with normal lead intakes. In both these 
papers the criticism can be made that they deal with children with pica and 



that children who show abnormal behaviour of this type may also show other 
emotional disturbances and the high lead intake may be as a result of their 
emotional disturbance rather than a cause of it. There is no easy way to 
resolve this type of criticism but, in the case of contamination from a smelter 
or other general environmental source, the lead level in the child is determined 
by his distance from the source and not only by his activity. Therefore, these 
situations may provide a better set of experimental conditions in which to 
investigate whether lead levels in the range of 40 to 60 micrograms per hundred 
millilitres of whole blood have any action on the child's behaviour. The paper 
by Lansdown et al dealing with the Tower Hamlet situation in London found no 
change in general intelligence, reading ability and rate of behaviour disorder. 
In the case of the El Paso Smelter, two studies have been carried out and in one 
hyperactivity was not demonstrated amongst the high lead group and a wide 
battery of psychometric tests, I.Q. tests and cognant and recognition tests did 
not show any significant difference between the high lead and low lead groups. 
I he most significant difference was in the California test of personality which 
u sensitive to disruptive incidents in the child's life which the authors felt the 
nigh lead group might reasonably be expected to show because of their geo- 
graphical isolation as a cultural group, the razing of the townsite where the 
children lived, as well as their necessary relocation and the exposure of the 
children to media coverage of the lead situation. In the other study of the El 
i'aso children , neither hyperactivity of the children nor any other behavioural 
abnormality was significantly more common in either group as measured by the 
parental questionnaire, the physician's examination or the psychologist's 
evaluation. Finger-wrist tapping was significantly slower in the dominant hand 
of children in the high lead group compared with controls but there was no 
other significant difference in the neurological testing. Comparison of perform- 



. i 



ance I.Q. , however, snowtu tiiat tile high lead group was significantly 
below the low lead group and that this resulted from the accumulation of 
small differences in the subtests rather than highly significant differences 
in any single area. These data suggested to the authors that children with 
blood lead levels above 40 meg per 100 ml had diffuse and subtle impairment 
of the fine motor, perceptual and visual perceptual skills measured by these 
tests. It should also be pointed out that there was a highly significant 
difference in the mean age of the two groups and a difference in the number 
of males and females in the two groups, both of which factors could be 
expected to affect the types of tests employed. 

In a critical review of research on the question of consequences to children 
with elevated lead levels but without encephalopathy Weiner concluded that 
the literature was equivocal and that the inability to draw definitive conclusions 
arose primarily from methodological shortcomings. Chisolm and Kaplan in 
their review of the consequences of childhood lead poisoning indicate that the 
relationship between disfunction, incognitive behavioural and social perform- 
ance and overt encephalopathy is uncertain. Furthermore, these relationships 
are complicated by the observation that the symptom clusters do not necessarily 
remain stable. For example, as puberty approaches, some behavioural problems 
such as aggressiveness may "mature off". Unfortunately, it is also possible 
that new problem behaviours may emerge from unspecified developmental 
processes as is sometimes seen in children diagnosed as suffering from minimal 
brain disfunction . 

At this time there appears to be no clear evidence that behavioural changes do 
occur in children where blood lead levels have never risen above 50 to 60 



micrograms of lead per hundred ml of blood but further studies along the lines 
suggested by Barocas and Weiss are certainly indicated . 

3.5 Environmental. Including Biological, Effects of Lead Smelters 



3,5,1 Survey of Published Information on the Environmental Effects 

of Lead Smelters - Jugoslavia 



At the Mezica mine, situated in the valley of the Meza River near the Austrian 
border , about 600 metres above sea level is a mine that has been worked for 
about 300 years. Despite its high altitude, the mine is surrounded by high 
mountains up to 1 ,624 metres forming a basin in the centre of which is a smelter. 
The smelter was built in 1746 and was producing about 2,500 tons of lead 
annually by 1850. After 1900 production increased and is now about 22,000 tons 
annually . There were no pollution abatement devices used at the smelter until 
i960 and the land, water and vegetation in the valley have become severely 
- i iifaminnted with airborne and waterborne lead from the smelter complex. 
Suspended air lead levels in communities around the smelter reached levels as 
,n L h a: R4 micrograms of lead per cubic metre of air and were frequently above 
60 micrograms of lead per cubic metre of air. Water in the Meza River immediately 
below the smelter showed lead levels of 685.12 milligrams per litre of water and 
in ho Meza River close to its mouth, 22 kilometres from the smelter, the lead 
level was 2.89 milligrams per litre. Lead levels in the soil in the communities 
ranged from 295 milligrams per kilo to 24,800 milligrams per kilo. Aminolaevulinic 
acid levels in the urine of persons in the villages within the mining area averaged 
11 milligrams per litre of urine with a range from 0.7 to 44 milligrams per litre 
in six different villages comprising a total of 912 persons tested. Similar measure- 
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merits made in a control groui. oi 5(J persons from :m uneoniaminated area showed 
a range of ALA excretion in the urine from 0.35 to 8.55 with a mean of 5.2. 
Seventy men working in the lead smelter showed a range of ALA excretion from 
7.5 to 117 milligrams per litre with a mean of 54.4, The contamination of hay 
harvested for fodder in the area showed a range from 120 to 430 parts per 
million compared with 10 ppm from an uncontaminated area. 

At another smelting complex near the village of Male Rudare which is adjacent 
to the Trebca Smelter complex, 71 women and children had blood lead levels 
determined and these ranged from 37 to 70 micrograms per 100 grams of whole 
blood, with the average value being 49.3. A control study carried out among 
residents of Belgrade, the capital city of Jugoslavia, showed the lead level to 
average 37.6 micrograms per 100 ml , while amongst peasants living around 
Belgrade the average value was 31. These levels, which would be considered 
high for an urban population in North America, may raise some question about 
the analytical technique. The lead levels in the urine of the 71 women and 
chilren examined at Trebca had an average lead level of 135 micrograms per 
litre, whereas the average of the Belgrade residents was 40 megs per litre. The 
lead in the air of Male Rudare had an average level of 117 megs per cubic metre 
with a range of 59 to 136 megs. The sampling site was some 750 to 1,000 metres 
from the main stack of the smelter complex . Lead levels in the surface layers of 
the soil in the village were found to be 141 milligrams per 100 grams of soil , 
whereas at a depth of 30 centimetres it was 22 milligrams per 100 gms and in a 
park in Belgrade, taken as a control area, it was 0.35 milligram per 100 grams; 
dust from the roof of one of the houses in the village showed a level of 252 milli- 
grams of lead per 100 grams of dust. Cheese made from cow's milk in the village 
had a lead level of 124 micrograms per 100 grams and it was reported that 



domestic animals such as sheep perish because of high lead absorption when 
grazing in the area of the smelter. References: the first report was published 
in Archives of Environmental Health, Vol. 22, October 19(59 by Djuric, D. et al . 
The second report was published in Higijena, Vol. 12, No. 1, Belgrade 1960 by 
Djordjevic and Stankovie . 

3.5.2 Lisle, France, of an Electric Storage Battery Plant 

The authors of this study, J. Dquidt and Vaast , published in Pollution 
Atmospherique , Vol. 13, No. 52, October-December 1951, pages 289-292. 
These authors studied children between the ages of 12 and 14 attending a school 
located near the vicinity of the battery plant. Twenty-four students were studied 
and were compared with 25 children who had resided for a least two years in an 
area away from any known lead pollution. The levels of delta aminolaevulinic 
acid in the urine of the exposed children had an average of 4.4 milligrams per 
litre with a range of 2.77 to 2.66 while the control group had a mean of 1.78 with 
a range of 0.8 to 2.8 milligrams per litre. When the relative frequency of the 
different delta aminolaevulinic acid determinations were plotted in the two groups, 
there was a pronounced shift to the right of the exposed group . No environmental 
measurements of lead were included in the paper and none of the school children 
showed clinical evidence of poisoning. In a paper by DeRosa and F. Gobbato 
published in Igiene Moderna, Vol. 63, No. 1, pages 472 to 484, 1970, three 
epidemics of lead poisoning in Chile are referred to in the preamble to the paper , 
the first occurring among the inhabitants of a small village on the banks of the 
River Mapochi where an old plant for the extraction of gold from sand and gold 
ore was located. The second epidemic was reported at one of the lakes of 
southern Chile close to a lead mine; amongst the many cases of lead poisoning 



recorded were 52 children below the age of 15 year.-* . A third epidemic of less 
magnitude occurred amongst the residents of a small community in the proximity 
of a plant for the fusion of lead. The number of people involved was limited 
since the residential area was upwind from the plant. The authors of this 
particular paper were inclined to attribute the poisoning to the consumption of 
food and vegetables contaminated with lead. In the main part of the paper an 
epidemic of lead poisoning is described in Stanghella , a small town in the County 
of Padova. A small plant had recently been established in this community for the 
recycling of lead from the melting of old car batteries. A total of 170 people were 
examined, all living within a radius of 300 feet from the plant. Twenty percent 
of the persons in the survey had urine lead levels above 90 micrograms per litre 
and 2.8% had levels above 210 micrograms per litre. While no clinical information 
is given in the paper , two thirds of the population sampled had increased free 
erythrocytic protoporphyrin levels and one third had definitely elevated urinary 
coproporphyrins . 

3.5.3 Chile 

A paper by Hernan Oyanguren in the Archives of Environmental Health, Vol. 13, 
August 1966, pages 185 to 189, gives information on a group of workers engaged 
in extracting sand and gravel for construction purposes who lived with their 
families in a number of shacks located on yellow clay soil along the shores of the 
river. They drew water for their domestic use from shallow wells, each family 
using a separate well. Retrospectively they stated that some small children who 
played and crawled about on the ground had died with convulsive attacks and they 
also remembered that some domestic animals had died in convulsions . The first 
clinical study was made by Dr. Manterola on a 4-year-old child who since his 



second year had had intermittent convulsive episodes and was admitted to 
hospital in 1957 with polyneuritis. During his stay X-rays of the long bones 
revealed dense transverse bands of the metaphyses such as those induced by 
the absorption of lead. Lead poisoning was suspected and analysis of the blood 
showed a blood lead level of 120 micrograms per 100 grams of whole blood. The 
environmental observations revealed that the average concentrations of lead in 
the water in the wells was 408 micrograms per litre, while that in the soil was 
11% ol which 0.42"- was soluble. A second series of studies was started in 1958 
and involved 58 children. Results of investigation in hospital showed an average 
blood lead level of the children of 47 micrograms per hundred grams of blood 
with a range from three to 108 megs with 8 of them exceeding 80 megs per 100 ml 
uf whole blood. The hygienic problem was finally solved by moving the families 
and fencing off the contaminated land. In January 1959 a study was made near 
a lead smelter under very deplorable conditions . The occupational exposure was 
so severe that cases of lead poisoning had been induced out of periods of exposure 
as brief as 28 days while the average period was 80 days. Prevalence of lead 
poisoning amongst 20 workmen who were employed ut that time was 45%; three 
healthy men found in this survey had only been employed for 10 days prior to the 
investigation. The children of the workers used to play in the vicinity of the 
smelter and they ate wild fruit coated with dust. During the period of the investi- 
gation one child of 5 years developed convulsions . Samples of blood and urine 
were also obtained from members of another family which, like the first, lived 
within 300 feet of the plant. The results of the determinations on the samples from 
the four persons in this family were positive, 4 urine coproporphyrins, and 
showed lead levels of 183 and 103 megs per 100 grams of whole blood for two 
children aged 6 and 9 , and elevated but not dangerously so in the mother and the 
15-year-old daughter, both of whom had a level of 62 megs per hundred grams of 
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whole blixxi. 'i he child with coi vuImdi^ died iutt-r .iu hours with convulsions 
terminating in coma. The authors of this report noted that the children had 
greater and more I'rerjuent opportunities for the ingestion of lead than had the 
mother and the older daughter. 

3.5.4 England - Isle of Dogs - Tower Hamlets 

In 1971 proposals to redevelop the area near the lead refinery in Tower Hamlets 
were viewed with a certain amount of caution and the local medical officer of 
health instituted tests to measure concentrations of lead in the air and rate of 
deposition of lead and lead compounds on the ground in the vicinity of the 
refinery. This survey extended over a period of some 6 months and the mean 
value over the whole period for atmospheric lead concentration was 3 micrograms 
per cubic metre, but concentrations up to 92 megs per cubic metre were observed 
for three-hour periods. In comparison concentrations measured over 24 hours 
on a control site with no associated lead problem ranged from 0.6 to 1.9 megs per 
cubic metre. The lead content of the dust collected from window ledges close to 
the refinery ranged from 2,500 to 32,000 ppm and in gutters from 1,000 to 38,000 
ppm . Lead in the soil near the works at Tower Hamlets gave concentrations 
between 1,400 and 14,000 ppm but it must be remembered that smelting and 
refinery operations have been in operation on this site for over 100 years. Epi- 
demiological surveys of people living in the vicinity of the lead works were carried 
out by local authorities in collaboration with the Department of Health and Social 
Security. At Tower Hamlets it was found that 40.9% of the children under 5 living 
between 100 and 400 metres from the factory had blood lead levels in excess of 
40 megs per 100 ml compared with 12% of the mothers in this range. Between 400 
and 500 metres from the plant, 13.7 of the children but none of the mothers were 



above the 4U meg nil limit, it was established that the children of lead workers 
were expecially at risk, the lead being taken home in clothing or on shoes. 

3.5.5 Suffolk 

The situation at Suffolk was exposed in a similar way to that described above; 
no lead in air concentrations are available but dust deposition close to the works 
gave lead concentrations from 2,000 to 300,000 ppni , the highest level being at 
the works entrance less than 50 metres from ithe centre of the works. In children 
li\ ing within 225 metres of the works, 59% had blood lead levels above 40 megs 
per 100 ml and at 225 to 400 metres, 53%, while at 450 to 675 metres 49% and at 
900 to 1127 metres, 45% of the children had blood lead levels above 40 megs. The 
comments from the Department of the Environment's official in England stated that 
it; the case of people living in the vicinity of lead works, it is more difficult to 
define precisely the pathways by which excessive lead reaches the family. Some 
dust may be taken out of the factory on footwear and on clothing or on the wheels 
of vehicles leaving the works and subsequently spread by turbulence in the wake 
(it pussing traffic. Some may be windborne from the factory's scrap yard and 
stock pile, and some of the fine residual dust emitted by the factory's chimney 
after filtration may be inhaled directly. All of these factors were probably signi- 
ficant and merit attention. Children with markedly raised blood lead levels were 
referred to their family doctors and, where appropriate, for further medical 
investigation. In no cases were any symptoms of lead poisoning observed. In 
the case of the Tower Hamlets area, a special study was conducted by the Hospital 
for Sick Children, Great Ormond Street, London, in which the total population of 
children under the age of 17 living in the neighbourhood of the plant were studied; 
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of the 275 children thus available , intelligence i<'stint; was carried uut on 232 
or 84",; teachers' ratings of behoviour were obtained lor Til or 821, and health 
visitor information was obtained for 218 or 79%; only one percent of parents 
refused to allow their children to take part in the study. A positive correlation 
was found between the children's blood lead levels and their current address, 
showing that there was a greater likelihood for those living near the factory to 
absorb greater amounts of lead. No relationship was found between lead level 
and either intellectual development or generally deviant behaviour or over- 
activity in school. The authors of this paper, Lancet March 30, 1974, R.G. 
Lansdown et al , pages 538 to 541 , made the comment "Our findings apply to a 
situation where exposure to lead was determined by factors extraneous to 
disturbance in the child or family , i.e., by the distance of the place of residence 
to a contaminated area. In a different situation where a number of children are 
exposed to roughly the same quantity of lead, it is quite likely that those who 
are disturbed will, because of inappropriate feeding habits, ingest larger 
quantities and show higher blood lead levels. This would explain the findings 
of David et al, Lancet 1972, Vol. 2, page 900, who found hyperkinetic children 
to have higher blood lead levels than non-hyperkinetic controls . These workers 
attempted to show that where another explanation existed for the hyperkinesis 
lead levels were lower but in fact the numbers in their known cause group were 
not sufficiently high to draw this conclusion. The findings of Bird and Coat, 
Journal of Pediatrics 1972, Vol. 81, page 1088 who found a group of children 
with pica to have poorer fine motor control and greater degrees of psychological 
disturbance than matched controls without pica are readily explained on the basis 
of the fact that if a child has one sign of emotional disturbance , pica, he is much 
more likely to have other signs oi disturbance, there are, however, limitations 
to the present study which should be made clear. It is possible that mild exposure 



to lead has an effect in children younger than those we tested . Because of the 
unreliability of psychological testing below school age we did not examine the 
children under 5 in this way. If there is an effect on under-5's, it is likely to 
be only a temporary one because we found no evidence to suggest that children 
who had spent the first two years of life in an area of high exposure were 
mentally impaired later in life. However, even temporary impairment, if 
demonstrated , would be no light matter. Secondly, it is possible that the psy- 
chological tests carried out were not sufficiently subtle to demonstrate the 
elfects of toxicity . This is rather unlikely since the tests did, in fact, tap 
quite a wide range of abilities - verbal and visu-spatial." 

3.5.6 Finland 

in this study published in Work - Environment Health - Vol. 10, 1973, pages 
19-25 Dr. Nordman et al found that a population living in the vicinity of a 
secondary lead smelter in southern Finland showed moderately elevated lead 
levels in persons living closer to the plant compared with those living further 
away from it. The range of values, however, was only from 13.6 megs per 
j.Uo ml to 24.1 megs ml in the males and 10.6 to 19.1 megs per 100 ml in the 
females. A statistically significant correlation was obtained between the blood 
lead levels of people living in the area of the smelter with the levels of dustfall 
from the smelter but in this paper no reference is made to the suspended lead 
levels in the air which might be expected to vary in a somewhat similar fashion 
to the dustfall and it would , therefore , not be possible to separate the effect of 
the suspended lead in air from any effect of dustfall on the blood lead concen- 
tration . 



3.5.7 "mi.-d :-t.-i - - i.-. i'^o 

In the City of El L'aso, Texas, there is situated a custom smelter, smelting lead, 
copper and zinc materials, the raw material coming from a wide variety of sources 
in the United Staves, Canada, Mexico and Australia. The great majority of the 
lead emissions come from an 823-foot stack which serves three copper converters, 
while the lead plant has a Gl 2-foot stack but all emissions pass through a bag- house 
prior to entering the stack. Late in 1970 it was discovered that emissions from the 
smelter contained extremely large quantities of lead, cadmium, zinc and arsenic. 
Lead emissions were the greatest with the known quantities being 511 tons in 1970 
reducing to 313 tons in 1971 . When this information was brought to the attention 
of health officials they initiated tests for blood lead concentration in the residents 
of areas surrounding the smelters. These tests indicated that in 520 individuals 
of all ages , 223 of whom lived within one mile of the smelter, 163 between one and 
two miles and 134 living more than two miles from the smelter there were many 
elevated blood lead levels . Within one mile of the smelter nearly 70% of children 
aged to 5 years had blood lead levels greater than 40 megs per 100 ml, while 
between one and two miles from the smelter only 25% of such children had elevated 
levels and greater than two miles from the smelter no children were found to have 
levels above 40 megs per hundred ml of whole blood. These blood lead levels 
were paralleled by the surface soil lead concentrations which reached 10,750 ppm 
close to the plant and fell in an exponential fashion to mere traces in northeast 
EI Paso. Downwind from the smelter suspended air lead concentrations reach 47 
megs per cubic metre, while upwind from the smelter the figure was 7 megs per 
cubic metre. Within one mile of the smelter the suspended air levels had fallen 
to between 1 and 2.5 megs per cubic metre. 



/ 

/ 



Although many of the children showed evidence of lead absorption, as 
churucterized by their blood lead levels, free erythrocytic protoporphyrin 
levels and X-ray evidence of bone changes due to lead. There was no clinical 

vidence of lead poisoning in any of the children examined at El Paso, Two 
studies have been carried out which have concentrated on the neurological and 
behavioural findings in the children and these are dealt with under the effects 
of lead on behaviour. 



3 . f, Summary of the Effects of Lead Smelters on the Environment 

and the Population in Their Vicinity 



it can be seen from the examples quoted above that smelters can and do affect 
the environment by causing raised levels of lead in the air, soil, vegetaion and, 
where present, animals and human beings. The effects on human beings may be 

'ly a change in lead level in the blood depending on whether a person lives 
close to the smelter or further away from it or the lead levels in persons close 
»•> I he smelter may be so high as to give rise to clinical illness as in the cases in 
rh-Uo. 

It must be remembered that in some cases the smelters in the incidents cited were 
relatively isolated and no other major sources of lead contamination occurred in 
Ihe v'v inity , while in other instances a smelter was situated in a downtown area 
where other sources of lead emissions would have to be taken into account in 
assessing the effect of the smelter on the environment and human lead levels. 



3.7 Lead Ab sorpti on mid i'ublh: Health A Shtoty Evaluation 

In evaluating the hazard posed by the levels of lead found in any population group 
at least two pieces of information are required . The first is a series of events 
which can be reasonably expected to happen in people at lead levels ranging from 
the lowest to the highest that might be encountered in the population. 

The second piece of information consists of reliable measurements of the lead 
levels in the population . Given such information it would be possible to evaluate 
the degree of hazard to the group as a whole and also to individual persons com- 
prising the group . 

Unfortunately , the present knowledge of the effects of lead on man is still imperfect 
and, therefore, on some of the most crucial questions there is a difference of 
opinion on the health significance of a particular finding. The public sometimes 
expresses concern that after living with lead for several thousand years there are 
so many unanswered questions about the actions of lead in the body. This situa- 
tion would probably not have occurred if society had not, understandably, kept 
raising its expectation with regard to human health or science had not continuously 
improved and developed its ability to detect and measure events within the body. 

At one time the most pressing problem with regard to lead was to reduce the 
number of deaths from lead poisoning in the lead trades. With the knowledge of 
how to prevent deaths there was pressure to control the large amount of illness 
which was associated in working with lead until today the goal is that no one's 
health should be jeopardized by his occupation and within the last few years 
society has asked that no one's health be involuntarily jeopardized by his 



environment, whether on or off the job. 

Coupled with these increasingly high demands from those charged with protecting 
the public's health has been the tremendous upsurge in the scientists' ability to 
measure minute changes in the body and within individual cells of the body. 
Often the scientists' ability to make a value judgment as to whether a certain 
observed change is good, bad or unimportant has not caught up with the tremendous 
increase in his ability to measure increasingly small changes. 

It is likely that, with any substance such as lead which is not known to be 
necessary to the body, the body passes through a number of phases as the lead 
level rises. At first the lead level will be in a range which can be considered 
"normal" and for early man this was probably less than 10 megs of lead per 100 grams 
of blood. Since this range of blood lead levels was entirely derived from man's 
environment prior to any addition of lead due to man's activity, it is reasonable 
to assume that any effect that it has on man can be considered "normal" just as 
sunlight can have some effects on health but is considered a "normal" environ- 
mental stress. In modern man the blood lead values in men and women far removed 
troni local sources of lead contamination such as the headwaters of the Amazon, 
the Kalahari Desert and remote portions of Australia range from a group average 
of 12 megs per 100 gms to a group average of 23 megs per 100 gms. All of these 
values were determined by the same laboratory and the total number of individuals 
sampled was 204. These values overlap those found in urban groups in Ontario 
(see Table I) . 
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At levels of lead found in present residents of Ontario and the postulated levels 
in their primitive ancestors there would be a measurable reduction of one of the 
enzymes (ALA dehydrase) that is involved in the early stages of the building of 
the heme portion of the hemoglobin molecule . 



Some scientists have viewed this minimal degree of inhibition as a harmful 
(Epstein) but on balance those scientists who have made a particular study of 
this matter have concluded that a minimal change in the activity of ALA-D in 
the circulating red cell has no relevance in terms of human health (Hernberg, 
Zielhuis, Airborne Lead, page 127). As the blood lead level rises beyond about 
40 meg Pb/100 gm blood there is evidence that the depression of the enzyme 
ALA-D is causing a backing up of chemicals that would normally be used to form 



hemoglobin. This evidence consists of an increase in the amount of ALA in 
the urine and as blood lead levels rise above 40 meg/ 100 g blood urinary ALA 
excretion rises at a progressively increasing rate until at about 60 meg Pb/100 
g blood the ALA level in the urine of most adults is clearly above the range 
found in the general population. 

There is little evidence that there is any significant effect on health where the 
blood lead level has not risen above 40 meg/ 100 g blood. At blood lead levels 
between 40 and 60 mcg/100 g there is evidence of increased lead absorption 
front some source, or sources, in the environment. In this range there may be 
effects on behaviour in pre-school-age children (David) but the findings in 
several of the studies that claim to have shown such effects are disputed and 
there are other studies using different methods of evaluating behaviour which 
claim no demonstrated effects at the blood lead levels in question. Studies in 
animals have not, in general, been of great assistance in helping to resolve 
Ihr questions surrounding the behavioural effects of lead because the doses of 
i ad used have usually been so high that other evidence of lead poisoning would 
be expected (Silbergeld) (Airborne Lead page 160) (Subclinical Effects of Lead 
p;t(" 129). There are. however, a few experiments in animals using levels of 
which can be considered realistic which support the concept that levels of 
Ipad in the 40 to 60 mcg/100 g blood range may, particularly in young animals, 
have an effect on behaviour (Carson) (Gusev) (Airborne Lead page 162). In the 
experiments by Carson, exposure of pregnant sheep to lead which produced an 
average maternal blood lead level of 34 mcg/100 g blood give rise to slowed 
learning in the offspring when tested at 10-15 months of age. No such effects 
were found in lambs from two groups of ewes where the average blood lead level 
was 5 and 18 mcg/100 g respectively. 



Thus, taking ntc "evount all ui the e\ ai ti twuj l ■.;• ■ '. this time, there id 
general agreement that confirmed blood lead levels above 40 meg/ 100 g indicate 
increased lead absorption and require a careful search for the cause. In 
children the possibility of behavioural effects of lead levels above 40 meg/ 100 g 
makes it prudent to consider measures to reduce lead absorption so that blood 
lead levels above this figure become increasingly rare. At blood lead levels of 
50 meg/ 100 g blood there is general agreement that children should be referred 
for immediate evaluation by a physician (U.S. Surgeon General). Such advice 
is based on the impossibility of knowing whether a single blood lead level repre- 
sents a concentration of lead that has been constant for some time or represents a 
point on a rapidly rising curve due to recent high lead absorption. In the latter 
situation there may only be a short interval between the reception of the first 
blood lead report and the onset of clinical lead poisoning due to the continued 
increase in the blood lead level. For this reason, coupled with the grave nature 
of fully developed lead poisoning in children, it has been considered wise by 
pediatricians to place children under medical care when blood lead levels of 
50-60 meg/ 100 g blood are encountered. If, after full evaluation of all the 
circumstances it is found that the blood lead level is not rising, many 
pediatricians would adopt a watchful approach rather than recommending 
immediate treatment but this must be a matter for individual judgment by a 
physician conversant with all the facts . 

Since public health deals with preventive medicine it seems reasonable that the 
aim of public health officials should be to ensure as far as they are able that the 
blood lead levels of children are maintained well below levels that pose a health 
hazard. In this context it would seem reasonable to hold that a blood lead level 
that requires referral to a physician for possible treatment is a level posing a 



health hazard. If, then, a level of about 50 meg Pb/100 g of blood is taken as 
>eing unacceptable in the general public, the question immediately arises as to 
he upper limit that can be considered acceptable at this time. It has been seen 
from previous discussions that at blood lead levels of about 40 meg/ 100 g of 
jiood biochemical changes can be shown in the body which are associated with 
un interference in the manufacture of hemoglobin. At this time the body is 
thought to be able to compensate for this minimal degree of interference without 
deleterious effects. Such compensatory mechanisms are common in the body 
and reflect the usually considerable reserve capacity present in most organs of 
the body. Therefore, in the light of present knowledge, confirmed levels of 
lead in the blood up to 40 meg/ 100 g can be considered acceptable. 

It is of the utmost importance to realize that in setting administrative or 
operational guidelines, artificially rigid lines are being drawn and that the 
numbers mentioned do not represent sharp points separating safe from unsafe. 

biological effects of lead appear to run smoothly and continuously from 
levels of lead which are clearly without effects on human health to levels carry- 
ing a high probability of a fatal outcome. 

If now we turn from a consideration of the effects of lead on health and the 
netting up of guidelines for action to the question of the levels of lead found in 
the populations surveyed in Ontario we find that the guidelines selected are 
consistent with the finding of problem areas. 



In the liyurcb quutvo »»■) tilwwd lead ievei^. t>i yrvups it< (ataxic 11 i& rare to 
find levels above 40 met;/ 100 g Dlood and this has been the general experience 
of investigators throughout the world (Zeilhuis) , if an exception is made for 
studies of groups with special risks of lead absorption such as children in 
dilapidated inner city housing. In the control area of Toronto that was selected 
to be as being similar in respect to housing, ethnic makeup and socio-economic 
status as the areas close to the lead plants, 8G3 persons were surveyed and only 
3 values equal to or greater than 40 meg/ 100 g blood were found. Thus, for 
reasons that are presently the subject of intensive analysis, lead levels above 
40 occur more frequently in the vicinity of the lead plants than in other areas of 
Toronto which have been surveyed using similar methods. Also, these elevated 
blood lead levels appear to be more common close to the plants compared with 
persons sampled who live further away. Children show more of the elevated 
levels than do women resident in the same area but there is some evidence that 
adult males in the working age group also show a significant number of blood 
lead levels above 40 meg/ 100 g. Therefore, it appears that some environmental 
factors in the neighbourhood of the lead plants so far studied are resulting in 
elevated blood lead levels. The fact that these elevated blood lead levels do not 
affect everyone close to a plant suggests there are local or individual reasons 
that operate in conjunction with the general environmental contamination with 
lead to cause any particular individual to have blood lead levels above 40 meg/ 
100 ml. These local or individual reasons might include high levels of lead in 
house paint combined with pica in children or occupational exposure to lead in 
adults. The vast mass of data accumulated by the City of Toronto Health 
Department, the Ministry of the Environment and the University of Toronto has 
only just begun to be analyzed and so all of the findings presented in this report 



that relate to blood lead levels or the household lead environment must be 
treated as very preliminary and, although believed to be true at this time, are 
.subject to modification in the light of the results of the full analyses. 
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4 . , MK QUALITY STANDAKIJ.S, CKI'l l.UiA l OBJE C TIVES 1 OR LEAD 

4. 1 Introduction 

\ 

Air quality standards criteria and objectives for lead arc based on preventing 

adverse health effects due to lead exposure in the general population. 

Since the data relating" low level lead exposure and subclinical effects are in- 
conclusive and are the subject of considerable investigation at this time, the 
standards, criteria and objectives based on medical grounds are in a state of 
fluidity and are the subject of considerable differences of opinion. 

The evidence presented here in support of air quality standards criteria and 
objectives is open to argument but , it represents the current body of opinion 
of the major air pollution control agencies in North America and the data pre- 
sented are taken from airborne lead in perspective as extracted by a committee 
of scientists convened by the U.S. Environmental Protection Agency to con- 
sider the relationship of environmental lead and human health. 

Environment Canada has also prepared an internal report on "Recommended 
Air Quality Objectives for Lead", which is reviewed in Section 4.3. 



4.2 Lead Exposure and Health Effects as a Basis for Air Quality 

Standards, Criteria & Objectives (E.P.A.'s Position) 



4.2.1 Suspended Lead 

As outlined in Sections 1 and 2, lead occurs naturally in most living things 
including humans. Blood lead levels above 80 ug/100 ml of whole blood may 
be associated with symptoms of clinical lead poisoning in adults. 



The threshold limit value for occupational exposure to load is 150 ug/m and is 
timed at preventing acute lead poisoning based on an 8 hour day and 5 day 
week . 

I h*,' U.S. Environmental Protection Agency presented a summary of the known 
health effects of lead absorption. (Table III— 1 > . 

4.2.2 Relationship Between Exposure and Absorption of Lead 

Lia.jed on the known health effects of lead absorption, the Environmental Protection 
Agency have concluded that a level of 40 ug/100 ml of lead in blood is the maximum 
tolerable level of lead absorption. However, the relationship between exposure 
to rcspirable lead and intake as indicated by blood lead levels is not quantitively 
determined since intake by ingestion is a complicating factor which makes separation 
oj the source of lead absorption difficult . 

i »vo Environmental Protection Agency committee has concluded based on the data 
j Xuhot;, that a continued daily lead ingestion of 600 ug could cause blood lead 
<_.,4s to rise above 40 ug/100 ml. Normal dietary intake is reported to be from 

,.Ch! to 300 ug/day . 

The daily amount of lead absorbed from inhaled air is the product of the airborne 
'cad concentration, the volume of air respired, and the percentage absorption 
of the lead . 
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lor a standard man (70 kg. weight, 20 - 3(1 years old, 175 eni. tall with a 

9 3 

surface area of 1 . 8 m*") , the respiration rate is quoted as 23 m /day for light 

work . 



The E.P.A. gave estimates of airborne lead levels which would cause daily 
lead intake to reach 60 ug/day. 



; 3 hle V-4 (From E.P.A. 's Position on Health Implications of Airborne Lead) 


Common Daily 
nietary Lead 
"\bsorption 


Increase Required 
to Reach 60 uq Dally + 


Airborne Lead Exposures Which 
would Cause the Designated 
Increase 




Standard 
Man (a) 


Least 
Case(b) 


Hiqhest 
Case (c) 


20 uq 


40 ua 


6.7 uq/m 3 


15.7 uq/m 3 


5.4 uq/m 3 


30 uq 


30 UO 


5.0 uq/m 3 


11.8 uq/m 3 


4.0 uo/tn 3 


+ Experimentally in a human, absorption of 60 uq of lead daily 
caused his blood lead levels to reach 40 uq/100 orams of whole 
blood (Kehoe) 

(a) Standard man = 20 m 3 x 30% absorption 

(b) Least Case - 15 m 3 x 17% absorption 

(c) Highest Case = 20 m 3 x 37% absorption 



Qualification of the foregoing: 

these data are based on limited experimental findings 
and are only an indication of the relationship for one subject. 

the variability of absorption by the general population may 
alter the reliability of these quantitative data . 



0* 



there are no conclusive data to support that 40 ug/100 ml 
of whole blood is the maximum tolerable blood level for all 
sections of the population. 

if normal dietary intake is significantly exceeded, air 
lead levels would have to be much lower. 

the absorption of lead by children is known to be greater 
than by adults relative to body weight. 

the level of absorption may also be dependent on the 
chemical nature and physical state of the lead. 



If the qualifications are accepted , it can be seen that airborne lead levels of 

3 

about 5 ug/m /24 hours should be tolerable for the general adult population with 

normal dietary intake . 



4.3 Environment Canada's Report on Air Quality Objectives for Lead 

The Atmospheric Environment Service of Environment Canada, in a recent 
internal report, have taken a stronger line than the P.P. A. regarding a maxi- 
mum tolerable blood lead level and concluded that a level of 30 ug/100 ml was 
desirable for the general population based principally on a margin of safety below 
the level of 400 ug/100 ml at which the first known effects of lead absorption have 
been found . 

Based on the exposure intake data of Kehoe and Goldsmith and Hexter, the follow- 
ing conclusions were made regarding an objective for lead in ambient air. 

No objective or guideline is proposed for lead in dustfall although this is recognized 
as contributing to human lead exposure . 
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C con clusions from Environment Canada "Report on Air Quality Objectives for 

Load" 



3 

1. For children inhaling about 6 m /day the amount of lead inhaled is 

negligible compared to the amounts ingested. 

2. As the volume of inhaled air increases the contributions of lead from 
the air increases in importance. 



3 
3. A concentration of 5 ug/m would seem to be adequate to maintain the 

adult blood lead at or below 30 ug/lOOg. 



4. If the assumptions on which our calculations of blood lead levels for 

3 
children are correct, then a concentration of 5 ug/m would appear to be 

adequate to maintain blood lead levels of most children at or below 25 ug/lOOg, 



3 

3. An ambient air quality objective of 5 ug/m based on a 24-hour 

average is therefore recommended . 

6. If the dietary intake of lead is increased in localized areas, then the 
air quality objective may need to be more restrictive to protect that segment 
of the population. 

7. A more stringent air quality objective may be needed to protect children 
who tend to ingest non-food material such as paint and dirt, particularly if 
these non-food materials have high lead concentrations. 
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8. In the cases of high lead ingestion it is more sensible and effective to 
control the concentrations of lead in the ingested materials than in the air. 

4.4 Lead Exposure from Lead in Dustfall (Indirect Ingestion) 

The assumption that 5 ug/m /24 hours is a tolerable lead level only holds for 
a normal dietary intake of 200 - 300 ug/day . 

Settleable lead particles as measured by lead in dustfall contribute to lead con- 
tamination of dust and dirt in streets and in homes , and also to levels of lead 
in the soil and vegetation . This lead is available for ingestion by humans and 
is supected of being an important source of lead intake for children. Weathering 
of leaded paint from buildings is a further important source of available lead by 
contributing to contamination of dirt and dust. 

Lead in dustfall decreases with distance from roadways and lead processing 
plants as do the levels of lead in soil and vegetation . 

In order to limit the available lead in the Environment , it is desirable to set a 
criteria for lead content of settleable particles as measured by lead in dustfall . 

The possible bases for such a standard are: 



Limitation of Combined Ingestive and Respired Lead Intake to 
Less than 60 ug/day 



there is insufficient data to directly relate lead in dust, dirt 
and soil blood lead levels. 



Limitation of the Rate of Soil and Dust Contamination 



the maximum rate of soil contamination by lead in dustfall 
can be calculated , but no direct relationship between lead in dust- 
fall and soil and dust contamination has been found. 



Levels of Lead in Dustfall in Urban Areas Remote from Sources 
of Lead? (Background Base Level) 



The Ratio of Inert Particulate to Lead in Suspended Particulate 
Standards. 



since the effects are different, this is not a good guide. 
While there is no direct determined relationship between ingestion of dust, 
dirt and soil contaminated with lead and blood lead levels due to the widely 
differing availability of the lead, the E.P.A. quoted studies of increased blood 
lead in rats fed with soil from around the El Paso Smelter and dust from city 
highways. 



The National Academy of Sciences' Lead Panel concluded that "The swallowing 
of as much as 7 grams of such dust could result in the oral intake of an amount 
of lead that exceeds by a factor of 10 or more the estimated mean daily intake of 
lead from normal food and drink in non-exposed children." 



4.5 Evidence of the Need for Air Quality' Standards Criteria and 

Objectives for Lead 



Data gathered in studies in the United States and Europe have indicated that a 
small, but significant, proportion of the general population, particularly 
children, have blood lead levels in excess of 40 ug/100 ml. 

Problems still exist with chemical analysis of blood for lead content and the 
relative contributions of dietary intake and air are not quantitatively determined, 



Certain occupational groups exposed to high ambient air levels from automotive 
sources shown an increased incidence of blood lead levels over 40 ug/100 ml and 
from 5 to 45% of children in 24 recent studies l\ad levels in excess of 40 ug/100 ml, 



The Environmental Protection Agency (E.P.A.) concluded that: 

"A small, but significant, fraction of the adult population has blood lead levels 
of 40 ug/100 ml or higher and such levels occur in a much larger proportion of 
urban children. Such levels are medically undesirable and should be reduced 
if possible." 

"Sources of exposure to lead include food, water, air and ingested non-food 
items such as lead based paint and dust. Food is the largest contribution of 
lead to the general population." 

"Lead based paint is a major cause of overt clinical poisoning in children though 
sources of lead other than paint play an important role in childhood lead, par- 
ticularly at levels below overt poisoning . " 

"Lead in dust and dirt is believed by the E.P.A. to contribute to increased 
lead levels in man both through inhalation of suspended dusts and at least in 
children through inadvertent ingestion of dirt and dust. This source could 
significantly reduce the additional quantity of additional lead required to pro- 
duce clinical poisoning in a child with other sources of exposure . Automotive 
lead is a major contributor to lead in dust and dirt and has been related to un- 
due absorption in children . " 



TABLE VI I -1 

txtent of Abnormally Elevated Blood Leads 
Among Urban Adults 



City Exposure Category 

Cincinnati Post Office Employees (4) 

Firemen (■!) 

Service Station Attendants (4) 

Police (4) 

Drivers of Cars(4) 

Parking Attendants (4) 

Garage Mechanics (4) 
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15.0 


48 




44.0 


152 




67.0 



Los Angeles 
Area 



L.A. Police (4) 155 

Pasadena Male City Employees (4) 88 

L.A. Female Aircraft Employees (4) 87 

L.A. Male Aircraft Employees (4) 291 



0.6 
3.3 
3.3 
5.2 



Philadelphia 



Male Commuters (1 ) 

Police (4) 

Downtown Male Residents (4) 



43 

113 

66 



2.3 
3.5 

4.5 



Camden, 

New Jersey 

Composite 

Urban 
Samples 



Composite 

Urban 
Samples 



Women Living Near Freeways (5) 55 

Females from New York, Philadelphia, 423 
and Chicago (3) 

Males and Females from £ Cities (3) 833 

Taxi Drivers and Office Workers 149 
from L. A.; Philadelphia; Barkr,<«ale, 
Wisconsin, and Starke, Florid.; (6) 



1.8 

0.7 

2.7* 




'Only those above 40 jjg/1 00 n blood lead, 



Fran EPA's Position on "Health Implications of Airborne Lead", Nov/1973. 



104 



TABLE VI I -2 

Urban-Suburban Blood Lead Comparisons 
In Adults 



% Blood Leads Equal to or 
Group Studied Number Studied Greater than 40 pn/100 g 

Urban Females (2) 423 0.7 



Suburban Females 

Phiadelphia Males (4) 

Urban 
Suburban 



556 



66 4.5 

23 



Composite (3) . 

Urban 833 '- 

Suburban 162 u 



*0nly those above 40 ug/lC0g, 



* 



Frcn EPA's Position on "Health Implications of Airborne Lead", Nov/1973. 
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TABLE VI 1-3 
Percentages of Children with Abnormally Elevated Dlood Leads 



City 

Baltimore (10) 



Chic.igo (10) 
New licven (10) 
Newark (10) 
fiew York (10) 

New York (11) 
Philadelphia (10) 
Washington (10) 

Many Cities (12) 
Aurora, 111. (13,14) 
Springfield, 111. (13,14) 
Peoria, 111. (13,14) 
E. St. Louis, 111. (13,14) 
Decatur, 111. (13,14) 
Jolict, 111. (13,14) 
Rock Island, 111. (13,14) 
E. Moline. 111. (13,14) 
Robbins, 111. (13,14) 
Harvey, 111. (13,14) 
Carbondale, 111. (13,14) 
Norfolk, Va. (13) 
Now H'lven, Conn. (13) 
Washington, D. C. (13) 
Rockford, 111. (13,14) 



Years 


Number 


Tested 


Tested 


1968 


655 


1969 


746 


1970 


939 


1967-70 


120,000 


1969-70 


1,897 


1970 


594 


1969 


2,648 


1970 


84,368 


1971 


81,626 


1970 


3,496 


1970 


808 (all ages) 


1970 


1,152 (2 years) 


1971 


2,309 


1971 


449 


1971 


670 


1971 


387 


1971 


376 


1971 


793 


1971 


383 


1971 


285 


1971 


298 


1971 


103 


1971 


226 


1971 


264 


1971 


1,225 


NA 


1,339 


1971 


1,821 


NA 


1,200 



% Blood Leads Equal to or 
Greater than 40 ug/lCO g 

25.3 
27.9 
31.5 
20.0 
29.8 
38.9 
45.5 



28.7 
20.2 
34.0 

5.8 
22.0 

9.1 
24.3 
30.1 
31.3 
24.7 
12.2 
24.3 
21.1 
11.4 
12.6 
16.4 
17.0 
22.7 
23.7 
39.2 
19.5 



Fran EPA's Position on "Health Implications of Airborne Lead", Nov/1973 
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"Lead from ull these sources should bo reduced to the degree possible.' 1 

The E.P.A. document goes on to cite automotive generated lead as the single 
most important remaining source oi" lead entering the environment and conclude 
that lead in gasoline should be reduced. 

The E.P.A. has also set emission standards for lead processing operations 
requiring the use of fabric filters on all emissions > .022 grains/dry standard 
cubic foot. 

4.6 Ontario Standards Criteria and Objectives for Airborne Lead 

4.6.1 Suspended Lead in Air 

In 1968 Ontario's Air Management Branch set a criteria for airborne lead of 
15 ug/m 3 /24 hours and 10 ug/m 3 /30 days. 

The air quality criteria were based on the Industrial Occupational Threshold 
limit value of 150 ug/m /8 hours this being the generally accepted procedure 
when direct data linking exposure and environmental health were unavailable. 

In order to meet the 15 ug/m 3 /24 hours objective, a design standard of 

20 ug/m 3 /30 minute was set. This design standard was used to assess new and 

existing sources of lead emissions and was a standard determining by use of the 

Pasqiull Gifford Diffusion Equation the allowable emission from a source if the 

impingement concentration at the nearest receptor was to remain below 

20 ug/m 3 for a 30 minute average. 



If the 30 minute standard wasmet,the ambient air quality criterion of 15 ug/m 3 /24 
hours average would readily be met. 

As new data on the relationship of low level lead exposure and human health 

were reported; in late 1972 the Ministry of the Environment using the data of 

Kehoe & Goldsmith & Hexter proposed a new air quality criterion of 5 ug/m 3 /24 

hours average with an accompanying design standard of 10 ug/m°/30 minutes average. 



The basis of the 5 ug/m° criteria was: 



1. Assumption of 300 ug lead intake from diet (10% absorption) 

2. Assumption of respiration of 20m ,1 /day of air (30% absorption 
of Lead 

3. Limiting total daily intake of lead to less than 60 ug/day 



jtecently in recognition of the long term effects of low level exposure an additional 
<-r iirrion of 2 ug/m 3 /30 days geometric mean has been proposed in line with other 
pp-prv*ies such as California. 

4.6.2 Lead in Dustfall 

In recognition of the desirability of limiting lead contamination of soil and dust by 
settleable particles containing lead with the resultant availability of contaminated 
material for inadvertent ingestion by humans particularly children and in 
recognition of the fugitive dust emissions associated with secondary lead smelters 
and battery plants the Ministry of the Environment has suggested a desirable 
guideline for lead in dustfall of 0.3 tons/mile 2 /30 days (0.1 gram/m 2 /30 days). 
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This guideline is to he used as h u isuro ■ I tht ;u:<.vptahih"iy of lead in dustfall 
an area but is not u standard or related to a standard in any way. 

The bases of the suggested desirable guideline for lead in dustfall are: 



1. Limiting soil contamination rates to the point that it will 
require at least 20 years to exceed the maximum desir- 
able level of 600 ppm starting with soil at 300 ppm lead. 

2. Limiting more than a 3-fold increase above normal urban 
levels of lead in dustfall. 

3. Limiting the lead content of dustfall to less than 2% by 
weight (the criteria for total dustfall is 15 tons/mile^ 
/30 days) . 



As more data on ingestion of dust, dirt and soil become available the suggested 
desirable objective may have to be lowered. There is already an increasing 
awareness that lead in soil dirt and dust contaminated by industrial and automotive 
emissions may be an important cause of human lend absorption. 

4, 7 Review of Air Quality Standards & Criteria & Objectives for Lead 

Table 4.7-1 presents data on current standards and criteria gathered from 
the literature and from private communications with Air Pollution Control 
Agencies . 



I'M i LK 4.7-1 Current Air Quality Standards Criteria & Ob jectives for Ah-borne bead 



' Agency 



Standard & Averaging Time 
(or Criterion) 



Remarks 



30 min. 24 hours 30 days 



Montana State 
Pennsylvania State 

U.S.S.R. 

U.S.S.R. 

Czechoslovakia 
U.S.A. Ind. Hygiene Ass 

U.S. E.P.A. 



, fili Forma State 

New Mexico 
i 
" ■■ ' i-'-Sa, Canada 

"i'it«r- ; n . Canada 



[ mj ronfflent Canada 

VDI Kommission 
Rein^?Uunq der Luft 
(Ger) 

City of Toronto Board 
nf Health 



20 ug/m 3 
20 ug/m 3 
10 ug/m 3 



•- 5 ug/m 3 
5 ug/m 3 
0.7 ug/m 3 
1 .7 ug/m 3 
0.7 ug/m 3 

10 ug/m 3 

2 ug/m 3 ) 

3 } 

5 ug/m - ) 

) 

1 .5 ug/m 3 
5 ug/m 3 



15 ug/m 3 5 ug/m^ 
5 ug/m 3 2 ug/m 3 

5 ug/m 3 
1-3 ug/m 3 

5 ug/m- 3 2 ug/m3 



1970 

1970 

1970 Lead 

1970 Pbs as lead 

suggested criterion 

proposed June 1973 
never promulgated 
but basis of gasoline 
phase out regulations 

quoted as standard 

proposed standard 

proposed standard 

1968 standard R criteria 

proposed standard 
& criteria (1972) 

suggested objective U'^74) 

suggested criterion Nov73 
under discussion 

1974 criteria 
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TABLE 4. t-1 Specific Source Amission Sianc: 



1 ype of Source 


Agency 
EPA 


Emission Standard 
0.022 grains/dry standard cu. ft. 


Secondary Lead Smelter 


Secondary Lead Smelter 


UK MOE 


0.05 grains/scf x.10,000 scfm 

0.01 grains/scf 10,000-140,000 scfm 

0.005 grains/scf 7 140,000 scfm 


Secondary Lead Smelter 


Environmenl 


t Canada 


1 . Furnaces 




0.02 grains /scfm 


2. Materials Handling 




0.01 grains/scfm 


3, Storage 




errains/scfm 



It can be seen that the proposed Ontario Standards for airborne lead are well 
in line with other agencies and in addition the desirable objectives for lead in 
dustfall and in soil are useful indicators of contaminated areas. 

The City of Toronto Board of Health has retained consultants from the University 
of Toronto and Ontario Research Foundation who endorsed the levels proposed 
by Ontario's Environment Ministry, 



There are some who are advocating more stringent standards such as 1.5 ug/m 3 /24 
hours for airborne lead, 0.1 tons/mile 2 /30 days for lead in dustfall and 200 ppm in 



soil. Those levels are however commonly exceeded in most downtown and some 
suburban residential areas even those remote from major streets and highways 
und arc more nearly those found in rural areas. There is at this time no evidence 
in Toronto of undue lead absorption by a significant proportion of the general popu- 
lation remote from highway and industrial lead sources which would warrant adoption 
of more stringent standards. 

4. 8 Ambient Air Monitoring Practices for Lead 

Suspended particulate matter in the ambient air is measured by means of hi 
volume samplers which are operated for 24-hour periods during which time approxi- 
mately 2000 cubic metres of air are pumped through standard preweighed filters. 
Particles within the size range of 0.1 - 100 un may be collected. 

The use of cascade impactor heads such as the Andersen head with the hi-volume 
sampler enables fractionation of the particles into 5 different size ranges. 



0.1 1.1 jum 

1.1 - 2.0 }im 

2 3.3 p.m 50% cutoff based on latex spheres 

3.3 7 ^m of unit density 

y 7 >tm 



At the end of the sampling period the sampler shuts off automatically and 
the filters are removed and delivered to the laboratory in marked containers . 

The filters are weighed to determine the amount of suspended particulate matter 
deposited which when divided by the air volume gives the ambient air level in 
micrograms per cubic metre of air (ug/m ) . 
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Dustfall comprises the larger particles which settle oul of the air due to the in- 
fluence of gravity and is measured by exposing open cylinders of specified 
dimensions for a period of 30 days. The total deposit in the cylinder is weighed 
and comprises the materials which have dropped into the container (dry deposit) 
as well as those which have been scavenged by precipitation which has fallen into 
the container during the month . 

In practice the standard unit of measurement for dustfall is tons per square mile 
per 30 days, which can be converted into grams per square metre per 30 days 
by multiplication by 0.285. 

Lead in suspended particualte and dustfall is determined by taking a portion of the 
filter or dustfall sample and analysing by atomic absorption spectroscopy. 
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5. LEGAL OPTIONS UND1 it CURRENT LEGISLATION 

5. 1 Information 

Section 84(1) of The Environmental Protection Act (E.P.A.) is the main pro- 
vision enabling the gathering of information . The most recent amendment to 
this Section took effect April 1 , 1974. In its present form the Section reads 
as follows: 



"For the purpose of the administration of this Act and the 
regulations, a provincial officer may, from time to time and 
upon production of his designation, enter at any reasonable 
time any building, structure, machine, vehicle, land, water 
or air and make or require to be made such surveys , examin- 
ations , investigations , tests and inquiries, including examin- 
ations of books, records and documents, as he considers 
necessary, and may make, take and remove or may require to 
be made, taken or removed samples, copies or extracts. " 



Subsection 3 of Section 84 provides that every person responsible for a 
source of contaminant shall furnish such information as a provincial officer 
requires for the purposes of this Act or the regulations. 

5.2 Installation of Abatement Equipment 

Pollution abatement equipment may be installed and measures taken on a 
voluntary basis by a company. This could be achieved simply by an under- 
standing reached as to the equipment to be installed and the dates for instal- 
lation. 



Alternatively, the voluntary abatement measures may be formalized by the 
submission by a company of a program to prevent or to reduce and control 
the emission of a contaminant. This is provided for in Sections 10 and 11 
of The E.P.A. 

The Director then has a discretion to issue or not to issue a program approval 
to the company who submitted the program which sets out, among other things, 
"the details of the program" . It should be noted , however , failure to comply 
with a provision of the program approval does not constitute an offence under 
the Act and yet full compliance with the program approval results in the pro- 
tection against prosecution as provided in Section 102 set out below. 

Control Orders 

A power to issue control orders is provided in Section 6 of the Act which reads 
as follows: 



"When the report of a provincial officer, filed as provided by 
Section 83, contains a finding that a contaminant added to, 
emitted or discharged into any part of the natural environment 
by any person or from any source of contaminant exceeds the 
maximum permissible amount, concentration or level pre- 
scribed by the regulations, contravenes Section 74 or is a 
contaminant the use of which is prohibited by the regulations, 
the Director may issue a control order directed to the person 
responsible therefor. " 



A further power to issue control orders is provided by Section 12 which reads 
as follows: 



tlfi 



"Notwithstanding the issue of a program approval, when the 
Director is of the opinion, based upon reasonable and probable 
grounds , that it is necessary or advisable for the protection 
or conservation of the natural environment, the prevention or 
control of an immediate danger to human life, the health of any 
persons or to property, the Director may issue a stop order 
or a control order directed to the person responsible. " 



It will be noted that Section 12 confers a much broader discretionary power on 
the Director. Although there has been no judicial determination on this point, 
it is likely that Section 12 also applies in situations where no program approval 
has been issued . 

Where the Director is authorized, either under Section 6 or Section 12 to issue 
a control order, the content of the order as to what the company is directed to 
do must stay within the scope of Section 70 which reads as follows: 



"The Director may , where he is authorized by this Act to issue 
an order known as a "control order" , order the person to whom 
it is directed to do any one or more of the following, namely, 

(a) to limit or control the rate of addition, emission or dis- 
charge of the contaminant into the natural environment 
in accordance with the directions set out in the order; 

(b) to stop the addition, emission or discharge of the con- 
taminant into the natural environment, 

(i) permanently, 

(H) for a specified period, or 

(Hi) in the circumstances set out in the order; 

(c) to comply with any directions set out in the order relating 
to the manner in which the contaminant may be added, 
emitted or discharged into the natural environment; 

(d) to comply with any directions set out in the order relating 
to the procedures to be followed in the control or elimina- 
tion of the addition, emission or discharge of the contam- 
inant into the natural environment; and 



(e) to install, rep/ace or alter any equipment or thing 
designed to control or eliminate the addition, 
emission or discharge of the contaminant into the 
natural environment. " 



The scope of the above provision is fairly wide and includes a power to stop 
permanently or for a specific period the emission of a contaminant into the 
natural environment. It also includes a power to order the installation of 
equipment designed to control or eliminate the emission of a contaminant . 

The failure to comply with an order constitutes an offence under the Act . 
This sanction is, however, meaningful only if it can be readily determined 
when the order has not been complied with. In the case of an order to install 
abatement equipment, therefore, the kind of equipment to be installed or 
procedures to be followed must be set out with sufficient precision so any 
failure to comply can be readily established. 

A control order is appealable within fifteen days after service to the 
Environmental Appeal Board. It is provided by Section 79(2) of the Act that 
the order shall not be enforced until final disposition of an appeal , if any , or 
until the time for taking an appeal against the order has passed . It is likely 
that final disposition includes appeal from the decision of the Environmental 
Appeal Board to the courts. It is possible, therefore, for some time to elapse 
before a control order can be enforced . When an appeal is taken in this way , 
the Environmental Appeal Board has the authority to confirm , alter or revoke 
the order . 
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A further consequence of a control order should also be noted. Section 102(2) 
of the Act provides as follows: 



"Notwithstanding Subsection 7 , a person to whom an order or 
prograni approval of the Minister or the Director is directed 
who complies fully with the order or approval shall not be 
prosecuted for or convicted of an offence in respect of the 
matter or matters dealt with in the order or approval that 
occurs during the period within which the order or program 
approval is applicable. " 



Public Health Act 

Certain provisions of The Public Health Act are also of interest with respect 
to requiring installation of abatement equipment. The term "nuisance" is 
defined broadly to mean "any condition existing in a locality that is or may 
become injurious or dangerous to health .,..". The term also comprises a 
number of special categories including "any work, manufactory, trade or 
business so situated as to be injurious or dangerous to health" . 

Section 92(1) provides: 



"Wherever the local board or medical officer of health is satis- 
fied of the existence of a nuisance, the medical officer of health 
shall serve a notice on the person by whose act, default or 
sufferance the nuisance arises or continues, or, if such person 
cannot be found, on the owner or occupier of the premises on 
which the nuisance exists or from which it arises, requiring 
him to abate it within a time to be specified in the notice and to 
execute such works and do such things as may be necessary 
for that purpose. " 



However, Section 96(1) provides that where "such removal or abatement" 
involves the loss or destruction of property to the value of $2,000 or more, 



tin order of a judge of the Supreme Court is required before the removal or 
ubutement can be enforced . 

5.3 Removal of Contaminated Soil 

In this section we deal with the options available to deal with the problem of 
residual lead on private property in the area of secondary lead smelters. 
Section 17 of The Environmental Protection Act reads as follows: 



"Where any person causes or permits the deposit, addition, 
emission or discharge into the natural environment of a contam- 
inant that injures or damages land, water, property or plant 
life, the Minister, where he is of the opinion that it is in the 
public interest so to do, may order such person to do all things 
and take all steps necessary to repair the injury or damage. " 



The section is supported by Section 99 which provides: 



"Where the Minister or the Director has authority to order or 
require that any matter or thing be done, the Minister may 
order that, in default of its being done by the person ordered 
or required to do it, such matter or thing shall be done at 
the expense of such person, and the Minister may recover 
the cost of doing it, with costs, by action in a court of 
competent jurisdiction as a debt due to the Crown by such 
person. " 



It is clear that it is a condition precedent of the application of Section 17 that 
a company must have caused or permitted the deposit or emission of contam- 
inants that injures land . It seems clear that a high concentration of 

residual lead in soil does injury to land by affecting some of its uses. If. 
however , some of the residual lead came from other sources or was deposited 
prior to the coming into force of the Act (August 11 , 1971) , it is not possible 
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to >:iy in ad un< ho\ ! mid applj * • n to u n circum- 

stances . 

Section 95 of The Public Health Act should also be referred to this context. 
Sections 95(1) and 95(2) provide: 



"95(1) Where the owner or occupier of any premises in which a 

nuisance exists fails, after due notice, to abate it, the 
medical officer of health or public health inspector may 
enter the premises and take such steps as may be 
necessary to abate it. 

(2) Alt reasonable costs and expenses incurred in abating 

a nuisance shall be deemed to be money paid for the use 
and at the request of the person by whose act, default 
or sufferance the nuisance was caused, and are recover- 
able from both the owner and the occupier for the time 
being of the premises . " 



It appears, therefore, that if the existence of residual lead in the ground (as 
distinct from current emissions from a plant) is a separate nuisance, the M.O.H. 
may "take such steps as may be necessary to abate it", tie also has a right of 
entry for this purpose. It may be, however, that the courts would not interpret 
Section 95(2) so as to allow the costs to be recovered from anyone other than 
the owner or occupier of the premises in which the nuisance exists. 

5.4 Suspension of Plant Operations 

A power to issue stop orders is provided in Section 7 of The E.P.A. which 
reads as follows: 



"When the Director, upon reasonable and probable grounds, is 
of the opinion that a source of contaminant is adding to, emitting 



or discharging into the natural environment any contaminant 
that constitutes , or the amount, concentration or level of which 
constitutes , an immediate danger to human life, the health of 
any persons , or to property , the Director may issue a stop 
order directed to the person responsible for the source of 
contaminant. " 



A further power to issue stop orders is provided by Section 12, quoted above 
under "Control Orders". It may be seen that Section 12 confers a much broader 
discretionary power on the Director. As with control orders, it is likely that 
Section 12 also applies in situations where no program approval has been 
issued. Section 12 may be exercised where the Director is of the opinion, based 
on reasonable and probable grounds , that it is necessary or advisable for "the 

prevention or control of an immediate danger to the health of any persons" . 

Although the "immediate danger" concept is employed, the concept of an action 
to prevent such immediate danger is used. When a stop order may be issued, 
it must keep within the confines of Section 74 which provides: 



"The Director may , where he is authorized by this Act to issue 
an order known as a "stop order" , order the person to whom it 
is directed to immediately stop or cause the source of contaminant 
to stop adding to, emitting or discharging into the natural en- 
vironment any contaminant either permanently, or for a specific 
period of time. " 



A stop order takes effect immediately on service. It may, however, be appealed 
to the Environmental Appeal Board which has the authority to confirm, alter or 
revoke the order. It may also be challenged in the Supreme Court of Ontario 
pursuant to The Judicial Review Procedure Act. 

By an amendment to The Public Health Act which came into force on July 3, 1974, 
a new Section 87 was inserted which provides expressly for closing of premises 



i.. i 



in the following tern. 



"871 1 ) The medical officer of health of a municipality or any inspector 

or other person in the employ of the /cue/ board acting under 
his instructions may enter any premises in the municipality, 
and an inspector appointed under Section 2a may enter any 
premises , at all reasonable times and inspect and examine the 
premises for the purpose of carrying out this Act and may 
take such action as he considers necessary for carrying it out 
including , where he finds that a condition exists in or about 
the premises that, 

(a) is dangerous or is likely to become dangerous 
to health or safety; or 

(b) hinders or is likely to hinder the prevention, 
mitigation or suppression of disease, 

the making of an order that the premises be closed and remain 
closed until the condition no longer exists in or about the 
premises, and any person in charge of the premises for the 
time being shall render such assistance as is necessary to 
moke such entry, inspection and examination. " 



5.5 Planning 



Section 35(1) of The Planning Act permits municipalities to pass by-laws for 
prohibiting the use of land , for or except for such purposes as may be set out 
in the by-law . Use of this provision to deal with incompatible uses is, however, 
made difficult by Section 35(7) of the Act which provides: 

"No by-law passed under this Section applies, 

(a J to prevent the use of any land, building or 

structure for any purpose prohibited by the by-low 
if such land, building or structure was lawfully 
used for such purpose on the day of the passing of 
the by-law, so long as it continues to be used for 
that purpose. " 



6. i-NVlrtONMhi* 1'A.L ■ iAu l.hVU.S NEAR LLAD I'itOChSSING PLANTS 

6.1 CANADA METAL COMPANY 

6.1.1 Review of Plant Operations 

The Canada Metal Company .Limited manufactures lead and lead alloys for solder, 
and lead oxide for use in batteries and as paint and ink pigments. The lead is 
derived from the melting of scrap lead battery plates and other forms of lead 
oxide in a blast furnace. Various sized pots are used for melting and alloying 
lead with various other metals . 

The lead oxide is produced by melting lead in a pot furnace and subsequently 
converting this molten lead chemically into lead oxides in oxidizing furnaces. 

Smelting Operations (Process Flow Sheet No. 6.1. a) 

Scrap lead materials are received by truck and rail car from various parts of 
Canada and the U.S.A. , unloaded and stored in a covered enclosure for subsequent 
processing in a lead blast furnace. Under unusual operating conditions, it 
occasionally becomes necessary to store material under plastic tarpaulins on a 
concrete pad . 

The lead blast furnace is constructed similarly to those used in ferrous smelting. 
The charge materials are taken by front end loader from the storage areas , dumped 
into a skip hoist and fed through the charging door into the blast furnace. 



A typical charge to the furnace is composed of scrap lead battery plates, lead 
drosses and other forms of lead oxide, coke, limestone, scrap iron and rerun 
slag. The drosses are obtained from refining processes in the pot furnaces and 
the rerun slag results from previous blast furnace runs. 

As the level of molten material rises, slag is tapped at intervals and poured 
into a slag crucible located at the side of the furnace. Molten lead flows from 
the furnace at a fairly continuous rate and the cast "hard" lead ingots formed are 
stored for further processing. 

Emissions (Table 6.1.1) 

Dust and fume emissions from the skip hoist and tap areas of the blast furnace are 
txhausted through an approved bag filter before the cleaned gases are emitted to 
the atmosphere via a 22 ft. high, 1.5 ft. diameter vent. The flue gases from the 
blast furnace containing particulate, sulphur dioxide and nitrogen oxides are 
passed through an afterburner and sequentially through a fallout chamber , U 
lube cooler and a baghouse before the cleaned gases are emitted to the atmosphere 
via a 152-ft. high, 6-ft. diameter vent. 

In addition, fugitive dust emission sources result from vehicular traffic and unload- 
ing and handling of scrap lead. Emission data on these sources is indeterminate. 
However, emissions from thse sources are now minimized by good housekeeping 
practices. 
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Uriinin g and Alloying OpenUions (Process Flow Sheet No. 6.1.D) 

Various sized pot type furnaces fired by natural gas are used for remelting, alloying 
and refining processes. In this operation, lead may be alloyed with arsenic, 
tin, antimony, silver or cadmium. The alloying materials charged are in ingot 
form and may be obtained from other manufacturers . The process time varies from a 
few hours for the small pots to over 24 hours for the larger pots. 

Emissions 

The melting, alloying and refining pots and a silver pot are hooded and the 
fumes containing lead and alloying materials are collected in an approved bag 
filter before the cleaned gases are emitted to the atmosphere via the 152-ft. stack. 

Lead Oxide Operations (Process Flow Sheet 6.1.c) 

Lead oxide is manufactured from high purity lead by the Barton Process. In 
this process, refined lead ingots are melted in a small pot furnace, then the molten 
lead is run by gravity into kettles equipped with rotating paddles. Air is drawn 
through the kettles by fans located on the air outlet side of a baghouse. The lead 
oxide thus formed is conveyed to a collection chamber for storage and air from the 
chamber is drawn to the bag filter . The recovered lead oxide is then transferred by 
screw conveyor from the bag filter to the collection chamber for storage. 

The oxide may be further processed by calcining it at a specified temperature in 
direct fired natural gas furnaces. The products formed are transferred by means 
of enclosed conveyors to storage hoppers. 



From the storage hoppers , the stored lead oxide is fed by screw conveyors through 
milling machines then bagging machines for shipment. 

Emissions (Table 6.1.1) 

Dust and fume emissions from the pot furnaces , kettles and the collection chamber 
are ducted to bag filters and the cleaned gases exhausted to atmosphere via 60-ft,- 
high stacks. 

Any dust generated from the storage hoppers following calcining is collected in 
a bag filter and the cleaned gases exhausted to the atmosphere via 60-ft.-high 
stacks . The flue gases from the direct fired furnaces containing combustion pro- 
ducts and lead oxide are cleaned by approved baghouses before being emitted to 
atmosphere via 60-ft.-high stacks. 

Roto-Cast Division (Process Flow Sheet No. 6.1.d) 

The roto-Cast Division of Canada Metal Company alloys copper with tin or zinc to 
make bronze castings. Operations in the plant include continuous casting and 
centrifugal casting processes which utilize various types of rotary and tilt furnaces 
and a pit furnace for remelting, alloying and casting processes. 

For larger castings and continuous casting , tilting furnaces are used in conjunction 
with rotary holding furnaces used for pouring operations. For small castings, the 
pit furnace is utilized. In addition, there are rotary furnaces utilized for melting 
metal ingot and turnings from the machining and cutting operations . Molten metal 
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it. poured into ladels and trans lerred t.y mono- rail entile to electric, horizontal 
holding furnaces prior to centrifugal casting. 

Emissions (Table 6.1.1) 

Throughout the plant, hoods are positioned over the various furnaces to exhaust 
fume emissions containing lead, tin, zinc and copper oxides produced during 
melting and pouring of the metal. 

The combined emissions are exhausted to the atmosphere through the main 152 ft. 
high stack used by Canada Metal Company. 

6.1.2 Review of Abatement Activities 

A detailed review of the abatement activities since 1965 is contained in the Interim 
Report of Lead in the Environment in the Vicinity of Secondary Lead Smelters in 
Metropolitan Toronto , prepared by the Ontario Ministry of the Environment . 

In review, since 1969, to the present time, the company has been required by 
the Ministry to undertake modifications to plant operations and equipment in 
order to reduce emissions and attain compliance with the Act and Regulations 
including the following: 



a) installation of ductwork to an existing baghouse to control 
emissions from the lead melting kettle in the lead oxide plant, 

b) installation of ductwork to an existing baghouse to control 
emissions from the skip hoist and tap areas of the blast furnace . 
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TABLE 6.1.1 - I 



SUMMARY 


3F EMISSION 


DATA 


CANADA 


METAL 


CO. 


LTD. 


ROTO 


-CAST 


LTD. 





SOURCE 



LEAD EMISSION RATE, LB/HR 



JANUARY 
1968 



JUNE 

1974 



CANADA METAL CO. LTD. 
Blast Furnace 
Melting & Alloying 
Slag Tap 

*Reverb. Furnace 
Skip Hoist 
Tap Areas 
Lead Oxide Plant 

TOTAL LEAD 

Fugitive Emissions from 

yard operations 

and building ventilation 

ROTO-CAST LTD. 



4.0 
4.8 
1.0 
2.6 



1.5 



13.9 



1.3 

1.3 



0.16 
0.5 



3.26 



Indeterminate 



11.2 



4.3 



Total Lead for Plant 



25.1 



7.56 



* Removed from service in 1971 
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PROCESS FLOW SHEET NO. 4.1 .c 
LEAD OXIDE OPERATIONS 
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PROCESS FLOW SHEET r.'O. 4.1 .d 
ROTO-CAST DIVISION 
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c) installation of a new baghouse to control emissions from the 
blast furnace. 

d) installation and revision of ductwork to main baghouse in 
order to control emissions from the lead melting , alloying and 
refining furnaces. 

e) installation of a new baghouse to control emissions from the 
calcining furnaces in the lead oxide plant. 

f) the erection of a roofed enclosure over working battery 
scrap piles . 

g) the operation of a tire washing area to serve all trucks leaving 
the premises . 

h) complete paving of in-plant traffic routes and maintenance of 
regular sweeping in these areas . 

i) segregation of traffic routes for in-plant vehicles from vehicles 

that move off the property . 



In addition to the measures outlined previous , the Company has advised the 
Ministry of the Environment that further abatement action is being undertaken 
including the following: 



1) hard surface a graveled area to be used for storage of spare 
melting pots and various pieces of equipment. 

2) sod remaining plant areas not hard surfaced . 

3) remove the temporary baghouse being used to control 
emissions from the skip hoist and tap areas of the blast furnace 
and exhaust these sources to the new blast furnace baghouse . 

4) construct a roofed enclosure from the roofed scrap lead 
enclosure to the blast furnace building to minimize outside transfer 
of scrap lead materials from storage. 

5) purchase a third mechanical sweeper to provide for more 
effective yard cleaning operations. 
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- . - . - ou»i..i^i.j u. .-ii i ■ I .. *,; . a'1 Levels in Vicinity of ( 3u; k1» Meta ls 

The lead content of the suspended particulate matter and dustfall samples have 
been obtained for the sampling stations in vicinity of Canada Metals plant at 
locations shown in the map of Fig . 6.1.3-1. 

A summary of the lead data obtained to date in the daily samples of suspended 
particulate matter are given in Table 6.1.3-1. The lead component of the monthly 
dustfall measurements are given in Table G.1.3-II(a) and (b). 

At sampling station No. 31058 located in the direction of the prevailing wind from 
Canada Metal, the lead levels in suspended particulate matter in the past year 
frequently exceeded the proposed criterion of 5 ug/m 3 as well as the criterion of 
15 ug/m 3 . The geometric mean over the period sampled exceeded the longer term 
criterion of 2 ug/m 3 . At Station No. 31065 located to the east of Canada Metal, 
the data indicated that higher than desirable levels of lead also occurred on a 
frequent basis. Correlations were obtained to determine whether the concentration 
of lead would correlate with the number of hours during the sampling periods that 
winds were in direction from the plant to the samplers. The analyses carried 
out for both total suspended particulate matter and the lead components are shown 
in the graphs of Figures 6.1.3-2 and 6.1.3-3. Significant correlations were ob- 
tained between the lead concentrations and the number of hours that were in the 
direction from the plant property towards the sampling station indicating that the 
plant was the principle source of the lead concentrations measured at the two 
locations . 



Abatement of emissions of lead by the plant has taken place during the spring of 
1974. The effects of the abatement are being reflected by improving air quality 
levels obtained during the month of April, 1974. The trend in air quality at 
Station No. 31058 for which data is available since the fall of 1973 is shown in 
Figures 6,1 .3-4 and 6.1.3-5. The upper graphs give the 28-day and 7-day 
moving averages of concentrations of lead during days in which lead was sampled. 
The lower graph in the figures gives the moving averages of the number of hours 
that winds were in the direction of the plant property toward the station. It may be 
noted that although the wind frequency was lower during the latter spring months, 
the average lead concentrations were much lower during these months than they 
were during the fall and early winter months. The maximum concentration of lead 
in suspended particulate matter measured in April, 1974 was 7.69 ug/m 3 as compared 
to the maximum during March of 39.93 ug/m 3 , and the maximum for the entire period 
of measurements of 74.40 ug/m °. Although air quality levels with respect to lead 
in suspended particulate matter have improved, there are occasional days that con- 
centrations exceed the proposed criterion of 5 ug/m 3 . 

Dustfall levels in vicinity of Canada Metal obtained during 1974 have in general 
met Ontario'^ guideline of 0.30 tons per square mile per 30 days. These measure- 
ments were all at distances greater than 250 feet from the property line. 

Figure 6.1.3-6 indicates the relationship of the average lead in dustfall levels with 
distance from the plant. A computation which assumes equal dustfall levels in any 
direction from the plant indicates a deposit of approximately 5 pounds per day of 
lead would produce the amount indicated. 



.w. 



The size distribution of the particles were determined by the utilization of particle 
fractionating Andersen heads on the high volume sampler at Station No. 31058, 
The particle sizes obeyed a log normal distribution. With high lead loadings and 
winds from the direction of Canada Metal, there was a general increase in all 
size ranges with lead concentrated in the large particle sizes. The size distribu- 
tion during higher than 5 ug/m^ measurements were found to be very different 
to that obtained near major traffic arteries. A comparison is given in Figure 
6.1.3-7 between the size distribution near the lead plant and that obtained near 
Highway 401, west of Highway 10, near Queen Elizabeth Highway and Evans Avenue 
and near Bay Street north of Grosvener Street. When the winds were not from the 
direction of Canada Metal , the distribution of particle sizes are similar to that near 
traffic arteries . The differences in distribution imply that the increase in lead 
levels in each size range during high measurements is due to emissions from the 
Canada Metal plant . 
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TABLE b. 1.3-1 



CANADA METAL 



LEAD LE\ELS IN SUSPENDED PARTICULATE MATTER 



ration 
No. 


Location 

Name , 


Location 
Descriptior 


Period 

Sampled 


No. of 
Days Sampled 


Geom. 
Mean 

yg/m 3 


Maximum 
Cone. 

yg/m 3 


No. of Days 

Cone . 

>5 yg/m 3 


% of Days 
Cone. 
>5 yg/nr 1 - 


No. of Days 

Cone. 
>1 5 uji/m 3 


% of Days 

Cone. 
>15 yg/m 3 


IQ45A 


Bruce 

Public 

School 


Roof of Main ! 
Bldjj. 400 ft. J 
North of CM. ! 


20/1/72 

to 
6/10/72 


99 


1.62 


18 


6 


6 


1 


1 


04 SB 


Bruce 
Public 
Sc hoo 1 


Roof of Port- 
able Bldg. 
400' N. of CM. 


28/10/73 

to 
16/4/74 


146 


0.98 


5 














058 


931 Eastern 

Ave. 


SO ft. East 
of CM. 
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to 

25/ 5/ 74 
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3.87 


74 


62 


35 


29 


16 


064 


17 Berkshire 


160 ft. N. 
of C. M. 


14/11/73 
to 

24/5/74 


115 


1.34 


6 


3 


3 
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633 Eastern 
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250 ft. West 
of C M. 
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to 

31/4/74 ' 
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1.72 
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TABLE 6.1.3-IIfa) 

LEAD IN DUSTFALL RESULTS - CANADA METAL LIMITED 
TOMS PER SQUARE MILE PER MONTH 

19 7 3 





TAT ION NO. 


1 ■ 

JAN . 

. . 


FEB. 


MAR. 


APR. 


RAY 


JUNE 


JULY 


AUG. 


SEPT. 


' " ■■ ■ 

OCT. 

. . . 


- 
NOV . 


DEC. | 


MEAN 


31019 


0.40 


0.48 


0.51 
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0.50 


0.57 
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LEAD IS DUSTFALL RESULTS - CANADA METAL LIMITED 

TONS PER SQUARE MILE PER MONTH 
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FIG 6. 1.3-1 " LOCATION OF AIR MONITORING STATIONS NEAR CANADA METAL CO. 
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t;.1.4 Summary of Lend Levels in Soil, Vegetation, and Snow in the 

Vicinity of Canada Metal Co, Ltd., 721 Eastern Ave., Toronto 



The key conclusions of phytotoxicology assessment surveys conducted in the 
vicinity of Canada Metal in 1972, 1973 and 1974 are: 



1) A survey conducted in September 1972 at 10 locations in the 
vicinity of Canada Metal demonstrated exceedingly high lead contents 
in surface soil (8.250 ppm) and in not washed vegetation (1800 ppm) 
at a distance of 200 feet north of the company . The not washed foliar 
samples possessed two to three times more lead than found in washed 
foliar samples. Lead levels in vegetation decreased with distance to 
the northeast from the Company . 

2) The September 1972 survey was repeated one year later and the 
results showed similar trends in lead contents in soil and vegetation 
at the 10 locations in the vicinity of Canada Metal Co. 

3) In November 1973, the survey was expanded to examine soil 
and vegetation at 40 stations in the vicinity of Canada Metal and at 
11 control stations in the vicinity of the Gardiner Expressway in an 
area removed from the influence of industrial sources of lead . Excess- 
ive levels of lead were found in soil and in individual species of 
vegetation in residential areas to a distance of 1500 feet northeast of 
the company. Statistically significant decreases in lead content in 
both soil and vegetation were shown with increasing distances from 
Canada Metal to the north and northwest. No excessive levels of lead 
were found in control vegetation samples in the Gardiner Expressway 
area. Although higher than normal levels of lead were found in 
control soil samples near the Gardiner Expressway , the levels were 
considerably lower than those found near Canada Metal, particularly 
to the south of the Company . 

4) An additional soil survey to indicate depth and extent of lead 
contamination in the vicinity of Canada Metal was conducted in 
November. 1973. Soil contamination isopleths were drawn on a map 
showing the areas north of the company possessing over 500 ppm 
lead in soil to various depths. 

5) A snow sampling survey was conducted in February, 1974 
in the vicinity of Canada Metal and the Toronto Board of Health 
Contrbl Area. Two collections were made, one on February 7 
immediately following a heavy snowfall, and the other on 
February 14 after the snow had been exposed for one week. 

The average percentage increase in lead in snow was found to 
be markedly greater in the Canada Metal area than in the Control 
Area. 



Descriptions of tin —..■ surveys follow, which include sampling locatiol , 
■ suits and their interpretation. 



6.1.4.1 rhytotox ico logy Assessment Survey for Loud in Soil 

and \Vg.tation ~ September 20 - 22, 1972 



Description of Investigation 

This survey consisted of sampling Ailanthus trees, a shrub and soil from the 2 
and 2-4 inch depths from 10 locations to the north, northeast, east, southeast, 
and northwest of the Canada Metal plant. A map showing the location of the 
sampling sites is attached. 

i i) -. .nervation i md Results 

The lead content of collected foliar and soil samples is shown in Table 1 . With 
one exception excessive levels of lead were detected in the washed foliage * !lee! . 
from Ailanthus trees and shrubs at all 10 sampling locations. 

The lead levels were highest in the samples collected close to the Canada Metal !''. 
and decreased with increasing sampling distance to the north find northeast of the 
source. Both the Ailanthus and shrub not washed foliage samples had two to thr< . 
times the amount of lead as washed samples, indicating that significant proportion 
of the airborne lead were deposited in the particulate form . 

The lead content of soil collected from the 0-2 and 2-4 inch depths was found 
to be excessive at all 10 sampling stations, and generally, was highest in the 
surface layer . 
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FIG. I " VEGETATION AND SOIL SAMPLING LOCATIONS NEAR CANADA METAL 
SEPTEMBER 20-22, 1972 



TAULL I 

Lead Content of Vegetation and Soi I 
Vicinity of Canada Metal Co., Toronto 
September 20-22, 1972 
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135 
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- 
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- 
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5 
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63 48 (H) 
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6.1,4.2 rhytotoxicology Assessment Survey for Lead in Soil 

an d Vegetation - September 17, 1973 



Description of Investigation 

Soil and Vegetation Survey 

Tnis survey was conducted to determine the degree and extent of lead contamina 
linn of soil and vegetation in the vicinity of the Canada Metal plant. Sampling of 
Ailanthus or maple, lilac or substitute shrub and soil at depths of 0-2 and 2-4 
inches was conducted at the same time of the year (September) and from the same 
locations as the previous 1972 survey. Additional sampling sites were located 
along Berkshire Avenue, north of the source, and in Leslie Grove Park, along 
^aeen Street. 

Q'c se rvati ons and Results 

Lead Content of Vegetation 

Th>. chon -v ■■(.! analyses results for tree and shrub foliage are given in Table 1A. 
Lkvated lead levels were found in all vegetation samples collected south of 
Qwen Strp *.. between Leslie Street and Winnifred Avenue. Highest lead levels 
were found in vegetation growing directly north and northeast of Canada Metal, 
■ r.d lead k« vols' decreased with increasing distances away from the lead plant. 
Samples of maple foliage collected along Berkshire Avenue, north of the plant 
were compared with similar samples collected near the Gardiner Expressway and 
wth the average lead content of maple foliage in Metro Toronto (Table IB). 



These results showed that lead levels decreased with increasing distance from 
the source, and that the lead content of maple foliage collected 300 feet north of 
Canuda Metal were 1 .5 times higher for washed foliage and twice as high for not 
washed foliage when compared to maples growing next to the Gardiner 
Expressway . 

Lead Content of Soil 

Lead analyses of soil collected in the vicinity of Canada Metal are shown in 
Table 2. Significant lead contamination was found in all soil samples collected 
south of Queen Street, between Leslie and Winnifred , This pattern of contamina- 
tion was similar to that found in vegetation samples. As with vegetation, lead 
levels in soil decreased with increasing distances away from the Canada Metal 
plant. The upper two inches of soil had significantly greater amounts of lead than 
lower levels of soil, indicating atmospheric deposition of the lead. 

Comparison of 1972 and 197 3 Results 

A comparison of lead levels in vegetation and soil collected at the same locations 
in 1972 and 1973 is given in Table 3. Lead levels in Ailanthus and shrub foliage 
were relatively unchanged during the two years. Soil lead levels were 
variable, but no discernible trends, either decreasing or increasing, could 
be observed as a whole. 



TABLE. I 

LLAD CONTENT OF VEGETATION COLLECTFD AROUND 
CANADA METAL , SEPTLMIU K 17, 1^7^ 
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d Content (ppm - drv weigh 


t) 
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Ai lanthus 


Shrub 




NW 


w 


NW 


W 


1 


325' N 


886 


842 


724 


421 


2 


550' N 


298 


142 


291 


153 


3 


500' NW 


337 


194 


179 


79 


4 


700' NW 


287 


168 


546 


513 


5 


300' NE 


556 


329 


435 


309 


6 


750" NE 


234 


109 


522 


359 


7 


2000 ' N 


98 


45 


87 


42 


B 


1200' NE 


III 


57 


181 


71 


9 


900' E 


265 


190 


- 


_# 


10 


400' S 


431 


272 


- 


- 


Control 


3 mi les W 


82 


37 


83 


49 



" Shrub not available for sampling 



LJ. Map le fol iage: 



Location of Sample 


Lead Content (ppm- dry weight) 


NW 


W 


300 ' N of Canada Metals 
BOO' 
1300' N 

10' S of Gardiner Expy. at Bay St. 

Metro Toronto Average 


169 

92 
37 
76 

63 


68 
77 
37 
47 

38 



NW - not washed 

w - washed 
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TAULE 2 



LEAD LONTtNf OF SOILS COLL 



CANADA MfTAL LID., MIMLMUIU |/, |97'< 
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Lead Content of So 


i 1 ( ppm-dry we ight) 


0-."" 


2-4" 


1 


375' IM 


; 30 


2700 


2 


550' N 


15 70 


813 


3 


500" NW 


2610 


1 '10 


4 


700' NW 


2470 


2280 


5 


300' NE 


590 


1670 


6 


750' fJE 


3310 


570 


7 


2000' n 


218 


738 


8 


1700' :jl 


665 


695 


9 


900' L 


21 10 


1 500 


10 


400' 5 




510 
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i i e 




; 



TABLE 3 

LEAD CONTENTS OF WASHED VEGETATION AND SOIL 
0-2" COLLECTED AROUND CANADA METAL ' 
IN SEPTEMBER 1972 AND SEPTEMBER 1973 



■ 
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No. 


Location 




Lead Content (ppm 


- dry we 


ght) 


Ai lar 


thus 


Shrub 


Soi 1 


1973 


1972 


1973 


1972 


1973 


1972 


1 


325' N 


842 


900 


421 


350 


2980 


8250 


? 


550' N 


142 


100 


153 


150 


1570 


- 


3 


500* NW 


194 


130 


79 


150 


26t0 


5000 


; 4 


700' NW 


168 


180 


313 


420 


2470 


4880 


5 


300" NE 


329 


290 


309 


300 


3390 


1030 


i 

6 


750' NE 


109 


260 


359 


150 


3310 


3080 


7 


2000' N 


45 


76 


42 


- 


218 


- 


R 


1200' NE 


57 


47 


71 


95 


665 


1000 


9 


900' E 


190 


170 


- 


- 


2110 


7630 


10 


400' S 


272 


270 


- 


- 


765 


800 


Control 


3 mi les W 


37 


38 


- 


- 


225 


365 



6,1.4.3 Phytotoxiculogy Assessment Survey for Lead in Soil 

and Vegetation - November 2, 5, 6, 197 3 



Description of Investigation 

An intensive survey of soil and vegetation was undertaken in order to define 
the extent of lead contamination in the vicinity of the Canada Metal Company . 
Samples of soil, at depths of 0-2 inches and 2-4 inches, and available 
vegetation (tree, shrub, grass) were collected at 300-foot intervals along eight 
directional lines radiating out from the plant; north, northeast, east, southeast, 
south, southwest, west, northwest. In addition to sampling in the vicinity of 
the plant, control samples were collected on a line running north and south of 
the Gardiner Expressway in the Exhibition Park area, based on a simulated 
source having the same position relative to the Expressway as the actual Canada 
Metal plant. 

Half of each vegetation sample was washed prior to chemical analysis, and the 
remainder was analyzed unwashed . 

Results of Chemical Analysis 

Lead Content of Vegetation 

The results of the chemical analysis for lead content of tree and shrub foliage 
are shown in Table 1 . These results indicate a definite trend of reduced lead 
content in vegetation with increasing distance from the source. Along the radii 
running northeast, north, northwest and southwest from the plant, it was possible 



to collect similar species of trees and shrubs at most stations. Consequently, the 
correlation between lead content of tree and shrub foliage and distance from the 
source was statistically significant for both washed and not washed samples 
collected along these radii. 

The poor correlations in the other directions (east, west, south, southeast) can 
be attributed to the difficulty in locating species common to all sampling locations. 
Because vegetation was not plentiful to the south, southeast, and west of the plant, 
us well as the fact that autumn defoliation of many species had already occurred 
by the date of the survey, the choice of species from which samples could be ob- 
tained was greatly reduced. These factors are important in that different plant 
species show considerable variation in ability to accumulate airborne lead. 
However, the general trend of reduced lead content in vegetation with increasing 
distance from the source is still evident along three of these radii (east, south and 
southeast) when the lead contents of grass samples are examined. The correlation 
between lead content of grass and distance from the source is significant for both 
washed and not washed samples collected east of the plant, and significant for not 
washed samples collected south and southeast of the plant. 

Figures 1 and 2 show zones of lead contamination in tree and shrub foliage (not 
washed and washed samples respectively) in the vicinity of Canada Metal. Extremely 
high levels of lead (greater than 150 ppm) in washed vegetation were detected in the 
immediate vicinity of the plant in all directions. Lead levels considered excessive 
(greater than 150 (not washed) and 75 ppm (washed) respectively were detected in 
vegetation in an area which extended approximately 500 feet to the north and north 
west of the plant, 800 feet ot the northeast of the plant, and 1000 feet to the east of 



the plant. The excessive lead levels in vegetation reflect current emissions of 
lead in the vicinity of Canada Metal. 

Lead Content of Soil 

Lead levels in soil samples collected in the vicinity of Canada Metal are shown 
in Table 2. The trend of reduced lead content with increasing distance is 
evident in all directions except west and southwest. The correlation between 
lead content in the 0-2" layer of soil and distance from the source is statistically 
significant for samples collected to the north, northwest and south of the plant. 

The lead content of soil to the west of the plant is high at a distance of 1500 feet. 
Several industries and heavy traffic on Eastern Avenue may be a contributing 
factor in the wide distribution of lead in this direction. 

Figure 3 shows isopleths of lead content in soil (0-2") depth in the vicinity of 
Canada Metal. The 5000 ppm isopleth indicates the area of extremely high lead 
and extends 1200 feet to the east and southwest. The excessive lead levels in 
soil reflect both current emissions of lead and residual contamination in the 
vicinity of Canada Metal . 

Comparison with Control Samples (Gardiner Expressway) 

Control samples for the Canada Metal Survey were collected in the Exhibition Park 
area, an area removed from the influence of industrial source of lead. A simulated 
source was located on Jefferson Avenue the same distance north of the Gardiner 



! xprcssway as the Canada Metal Company on Eastern Avenue. Using the hypothetical 
position us a base, samples were collected at 300- foot intervals to the north and 
south of the assumed source in the same manner as sampling was carried out in the 
vicinity of Canada Metal. This control survey was designed to determine if vehicle 
omissions from an elevated expressway could be significant in contributing to 
higher than normal lead levels as found in the vicinity of Canada Metal. The 
locations of the control stations are shown in Figure 4. 

Table 3 shows a comparison of results between the two areas with respect to lead 
content in vegetation and soil. In examining these results it must be noted that 
the Gardiner Expressway is located at a distance approximately 700 feet south of 
Canada Metal and the same distance south of the simulated source in the control 
urea . 

It can be seen from these results that washed vegetation samples collected in the 
control area did not exceed 75 ppm , indicating that vegetation in the control area 
does not contain higher than normal levels of lead. In contrast, several samples 
of washed vegetation collected in the vicinity of Canada Metal at comparable distances 
from the Expressway contained greater than 75 ppm lead, particularly to the south 
of the plant. 

There is a noticeable decrease in lead content in vegetation with increasing distance 
from the Gardiner Expressway in the control area, but the values do not approach 
the high levels found in vegetation surrounding Canada Metal Company. This in- 
dicates that vehicle emissions alone could not account for the high lead content in 
vegetation in the vicinity of Canada Metal. 
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AVERAGt LEAD LEVELS IN WASHED AND NOT WASHED VEGETATION 

COLLECTED IN VICINITY OF CANADA METAL 

IN PARTS PER MILLION, DRY WEIGHT, 

(NOVEMBER 2,5 AND 6/73) 
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TAuLL 2 

LEAD CONTENT ^ c SOIL COLLECTED IN VICINITY OF CANADA METAL 
IN PARTS PER MILLION, DRY WEIGHT 
CiOV^MBLR 2,5, AND 6/73) 
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T ABLE 3 

COMPARISON! BETWEEN CANADA METAL AREA AND CONTROL AREA 

WITH RESPECT TO LEAD CONTENT (PPM-DRY WEIGHT) 

OF VEGETATION AND SOIL 
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- ZONES OF LEAD CONTAMINATION (IN ppm) IN UNWASHED TREE 
AND SHRUB FOLIAGE NEAR CANADA METAL CO. - NOV. , 1973 
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ZONES OF LEAD CONTAMINATION {IN ppm) IN WASHED TREE 
AND SHRUB r OLtAG£ NEAP CANADA METAL - NOV , (973 
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FIG 3 ZONES OF LEAD CONTAMINATION (IN ppm ) IN SURFACE SOIL 
[0 ?"DFPTU1 VEAF CANADA MET^L CO. - MOV , 1973 
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FIGURE 4 



LOCATIONS OF CONTROL STATIONS FOR SURVEY 
OF NOVEMBER 2- 6 , 1973 



hoi] samples (0-2") collected in the control area contain higher than normal levels 
uf lead at the following stations: 300 feet south, 300 and 600 feet north, and 1500 
north. However, the levels at these locations are still considerably less than 
the load content of soil (0-2") collected in the vicinity of Canada Metal, 
particularly to the south of the plant . 



t; . l , 4 . 4 Phytotoxicology Assessment Survey for Depth of Lead 

Contamination in Soil - November 19 - 20, 1973 



Description of Investigation 

A soil sampling program was conducted in the residential areas in the vicinity of 
Canada Metal in order to achieve the following objectives: 



1) To determine the depth to which soil is contaminated in the 
vicinity of the company in the event that replacement is necessary, and 

2) To study the possibility of any lead contamination in the 
soil originating from lower geological materials. 



Soil samples were collected on four directional lines (northeast, north , northwest 
ad west) radiating out from the source and intersecting adjacent residential areas. 
Sampling locations were located at 300- foot intervals along each radius. At each 
titcjiioi: , a soil sampleswas taken at a depth of 0* 4" , 4-8" , 8-12" , and at a depth of 
12 16" where possible. 

Observations and Results 

The lead content of all soil samples is shown in Table 1 . Using the value of 500 ppm 
as an indication of excessive lead levels in soil, contamination isopleths for each of 
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LEAD CONTENT OF SOILS COLLECTED IN THE VICINITY OF 
CANADA METAL , NOVEV'CR 19, 1973 
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FIG I - DEPTH OF SOIL CONTAMINATION NEAR CANADA METAL 
NOVEMOER 19-20, 1973 



three soil depths have been drawn on the attached map (Figure 1) . This map could 
be used as a basis for determining excavation depth in the event that soil replacement 
becomes necessary. Since sampling was restricted to the residential area within the 
west and northeast radii, isopleths surrounding the plant could not be drawn. 

It is apparent from this map that lead is not originating from lower geological 
materials, since the severity of contamination at lower soil depths was found to 
decrease with increasing distance from the plant. 



6.1.4.5 Phytotoxicology Assessment Survey for Lead in Snow 

I-fhru. try 7, 14. H.-74 



On February 7, 1974, following a snowfall during the preceding night and early 
morning of that day , a snow sampling program was initiated in the vicinity of 
Canada Metal Company Limited. Ten sampling sites were selected; 7 in the close 
vicinity of the company and three in the Toronto Hoard of Health Control Area. On 
February 14, 1974, snow exposed for one week was collected at the same 10 
locations. The locations of the sampling sites are described in Table 1 and shown 
in Figure 1 . 

Methods 

Snow was collected into clean plastic bags with a rectangular bladed, garden-type 
shovel. The available depth of snow above the grass or gound level at each sampling 
site was collected. On February 7 this ranged between 3 and 6 inches; on 
February 14 rarely more than a 2 to 3 inch depth was available at any site. The 
snow was collected carefully in order to exclude grass or soil from the samples. 



On February 7 approximately 24 litres of snow were collected at each site. This 
volume was found to exceed analysis requirements and consequently on February 14 
^proximately 12 litres of accumulated snow was collected at each site. 

Snow was transported to the laboratory and allowed to melt in the plastic bags. 
Samples were acidified with 1 drop of concentrated nitric acid per 32 oz. bottle 
of melt. Analyses were performed on the melts for lead, cadmium, chromiun, 
iron, vanadium and zinc. The pH of each snow sample was taken prior to acidi- 
fication . 

Results 

I he results of the chemical analysis of fresnly fallen snow are given in Table 2, 
and the results for the week-old snow are given in Table 3. Significant increases 
in heavy metal concentrations were observed for lead, iron, vanadium and zinc 
over the one-week exposure period for snow collected from all stations. Cadmium 
and chromium were low and relatively unchanged at all stations. The pH of the 
aged snow was found to increase significantly at all stations. 

When the snow sampling sites were grouped according to distance and direction 
from Canada Metal, an apparent gradient of lead concentrations were observed 
(Table 4) . Similar gradients were not observed for the other heavy metals, 
although iron and zinc levels at sampling sites closest to Canada Metal were higher 
than at other stations . 



TABLE I 

LOCATIONS OF SNOW SAMPLING STATIONS 
IN THE VICINITY OF CANADA METAL CO. LTD. - FEBRUARY 7, 1974 



Stations 
No. 



Distance & Direction 
from property 

perimeter 



Location 



Z 

3 
4 
5 
6 

7 



10 



700' NE 

450* NE 

325' NE 

325' E 

300' N 

75' M 

50* SE 

1 mile W 

1 mile W 

1 mile W 



north end of lane between Rushbrooke and 
Marigold Avenues - 5 Marigold (backyard) 

backyard 22 Marigold Ave. 

backyard 4 Marigold Ave. 

front yard 18 Mosley St. 

backyard 24 Rushbrooke Ave. 

front lawn 7 Berkshire Ave. 

50' SE of Canada Metal (AMB soil & vegeta- 
tion collection station #37) 



Control Zone - south (dead) end of 

Saulter St. in Small open area opposite 
end houses 

Control Zone - north perimeter of YMCA 
playing field; off Broadview north of 
Allen Ave. 

Control Zone - behind apartment, near 
N. perimeter hedge, at 444 Logan Ave. 



TABLE 2 

HEAVY METAL CONTENT OF FRESHLY-FALLEN SNOW COLLECTED 
AROUND CANADA METALS AND IN THE GERRARD ST. CONTROL ZONE, 
IN ug/ml FEBRUARY 7, 1974 



Station No. 


Location 


Pb 


Cd 


Cr 


Fe 


V 


Zn 


PH 


1 


52 Marigold 


0.10 


<0.01 


40.01 


0.61 


0.01 


0.05 


- 


2 


22 Marigold 


0.16 


0.01 


0.01 


0.53 


0.04 


0.04 


- 


3 


4 Marigold 


0.1b 


0.01 


0.01 


0.44 


0.03 


0.06 


- 


4 


18 Mosley 


0.46 


0.01 


0.01 


0.75 


0.01 


C.05 


6.3 


5 


24 Rushbrooke 


0.24 


0.01 


0.01 


0.28 


0.01 


0.06 


5.4 





7 Berkshire 


0.59 


0.01 


0.01 


0.86 


0.01 


0.05 


6.4 


7 


50' SE 


0.51 


0.01 


0.01 


0.70 


0.03 


0.04 


5.7 


8 


Control 


0.19 


0.01 


0.01 


0.78 


0,01 


0.03 


6.1 



9 control 0.09 0.01 0.01 0.35 0.03 0.04 5.2 
10 Control 0.10 0.01 0.01 0.84 0.01 0.04 6.5 



I 



TABLE 3 



HEAVY METAL CONTENT OF ONE-WEEK-OLD SNOW COLLECTED 
AROUND CANADA METALS' AND IN THE GERHARD ST. CONTROL ZONE, 
IN ug/ml FEBRUARY 14, 1974 



Station No. Location Pb Cd Cr Fe V Zn pH 



1 52 Marigold 0.50 ^0.01 0.01 1.8 

2 22 Marigold 0.90 0.01 0.01 1.7 

3 4 Marigold 1.0 0.01 0.01 1.3 

4 18 Mosley 3.56 0.01 0.04 3.7 

5 24 Rushbrooke 0.81 0.01 0.01 2.0 

6 7 Berkshire 2.06 0.01 0.04 2.5 

7 50' SE 13.8 0.01 0.03 5.7 

8 Control 0.23 0.01 0.01 2.4 

9 Control 0.21 0.01 0.01 1.6 
10 Control 0.19 0.01 0.01 1.5 



0.09 


0.20 


6.8 


0.06 


0.16 


6.1 


0.11 


0.15 


6.2 


0.09 


0.35 


7.2 


0.15 


0.23 


6.9 


0.06 


0.34 


7.2 


0.06 


0.49 


7.2 


0.06 


0.15 


7.1 


0.06 


0.16 


7.1 


0.06 


0.36 


7.2 



TABLE 4 

COMPARISON BY DISTANCE AND DIRECTION FROM CANADA METAL 

0£ HEAVY METAL CONTENT OF EXPOSED SNOW 

COLLECTED ON FEBRUARY 14, 1974, IN ug/ml 



Location 


Distance & Direction 
F rom Canada Metals 


Pb 


Fe 


V 


Zn 


50' SE 


50' SE 


13.8 


5.7 


0.06 


1 — i. 
0.49 


18 Mosley 


325' E 


3.56 


3.7 


0.09 


0.35 


4 Marigold 


325' NE 


1.0 


1.3 


0.11 


0.15 


22 Marigold 


450' NE 


0.90 


1.7 


0.06 


0.16 


52 Marigold 


700' NE 


0.50 


1.8 


0.09 


0.20 


7 Berkshire 


75' N 


2.06 


2.5 


0.06 


0.34 


24 Rushbrookt 


300' N 


0.81 


2.0 


0.15 


0.28 


Control 


1 mile W 


0.23 


2.4 


0.06 


0.15 


Control 


1 mile W 


0.21 


1.6 


0.06 


0.16 


Control 


1 mile W 


0.19 


1.5 


0.06 


0.36 



I , I! 



TABLE 5 

PER CENT INCREASE IN LEAD AND IRON CONTENTS OF 
SNOW EXPOSED FOR ONE WEEK AROUND CANADA METAL AND 
IN CONTROL ZONE, IN ug/ml 



Location 


Pb (ug/ml) 


% increase 


Fe (ucj/ml ) 


% increase 


Feb. 7 


Feb. 14 


Feb. 7 


Feb. 14 


50' SE 


0.51 


13.8 


2610 


0.70 


5.7 


710 


18 Hosley 


0.46 


3.56 


670 


0.75 


3.7 


390 


4 Marigold 


0.15 


1.0 


570* 


0.44 


1.3 


195 


22 Marigold 


0.16 


0.90 


460* 


0.53 


1.7 


220 


52 Marigold 


0.10 


0.50 


400* 


0.61 


1.8 


195 


7 Berkshire 


0.59 


2.06 


250 


0.86 


2.5 


190 


24 Rushbrooke 


0.24 


0.81 


240 


0.28 


2.0 


610 


Control 


0.19 


0.23 


20 


0.78 


2.4 


210 


Control 


0.09 


0.21 


130 


0.35 


1.6 


360 


Control 


0.10 


0.19 


90 


0.84 


1.5 


80 



* Correlation coefficient; r =-0.98 was calculated for 3 locations with 
increasing distance to the northeast and % increase in lead in snow 
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The pei - cent increases in lend and iron content awr the unr week exposure period 
are compared in Table 5. There was relatively little difference in per cent increase 
in iron between stations around Canada Metal and stations in the control area. 
However, the per cent increase in lead in snow collected around Canada Metal was 
markedly higher than in snow from the control area. 

This snow sampling program was experimental, and any conclusions derived from 
it must be regarded as tentative. However, these results suggest that snow in the 
vicinity of Canada Metal accumulated greater amounts of lead than snow in another 
area of the city . 

6 . 1 . 5 Canada Metals Analysis 

a) Abatement Activities 

The measures taken by the Canada Metal Company Limited (see Section G.l .2) 
have not caused a significant change in airborne lead concentrations and dust- 
fall near the plant but, there is evidence of a continuing small but significant 
downward trend in lead levels at the station closest to the plant starting in late 1973. 
Levels of lead in dustfall will still have to be reduced to meet the suggested desirable 
objective of 0.3 tons/mile /30 days within 250 feet of the plant. 

b) Suspended Lead in the Vicinity of Canada Metals 

The data collected by the Ministry of the Environment and presented in section 

6.1.3 indicate that the incidence of levels of suspended lead above normal background 

and often in excess of the proposed air quality criteria at stations 31058, 31065 



and 31045 is strongly correlated with winds from Canada Metals. Since the stations 
3105.S and 31065 are on opposite sides of the plant it must be that lead emissions 
from the plant override any contribution from other sources such as the Gardiner 
Expressway or Eastern Avenue. An analysis excluding days on which there were 
any winds from the direction of Canada Metals has confirmed that the influence of 
other sources is no more than 3 ug/m 3 / 24 hours. 

The regression equation of Rutgers University (section 2.2. l)predicts levels of 
1 ug/m 3 in summer and 2.1 ug/m 3 in winter at station 31058 due to the Gardiner 
Expressway or 1.8 ug/m 3 in summer and 2.9 ug/m 3 in winter due to Eastern 
Avenue. These levels do not reinforce due to wind direction. 

The extent of the elevation of suspended lead levels is to distances up to 400 
feet from the plant . 

The size distribution of lead in suspended particulate matter indicates that the 
elevated lead levels nre due to larger particles than normally associated with 
vehicular traffic and this change in size distribution occurs with winds from 
Canada Metals . 

A portion of the emissions from Canada Metals is in the respirable range as is the 
bulk of traffic generated suspended lead . 



Since late 1973 there has been a discernible downward trend in lead levels at 
station 31058. This could be due to: 

i) abatement measures by Canada Metals 

ii) lower production rates 

iii) lower frequency of winds from the direction 
of the plant 

iv) other meteorological factors 

An analysis has shown that a portion of the drop in levels at the sampling 
station could be explained by a lower frequency of winds from the plant but there 
still remains a continuing improvement that cannot be adequately explained by 
decreased wind frequency. This may be the first indication of the success of 
abatement measures. There is no similar downward trend apparent at station 
31065. More data are needed before firm conclusions will be possible but the 
results are encouraging. 

c) Dustfall 

Levels of lead in dustfall in the vicinity of Canada Metals continue to be above 
those normally found in urban areas and are probably in excess of the suggested 
desirable objectives of 0.3 tons/mile''/ 30 days within 250 feet of the plant. The 
levels drop off rapidly with distance from Canada Metals. 

Again there has been some apparent improvement in levels over those measured 
in 1973. 



d) Soil Lead Levels 

Phytotoxicology surveys conducted in 1972 and 1973 found excessive levels of lead 
in soil in residential areas to a distance of 1500 feet northeast from Canada Metals. 
Statistically significant decreases in the lead content of soil with distance from 
Canada Metals were found in the north, northwest and south directions. Although 
higher than normal lead levels were found at control sites along the Gardiner 
Lxpressway the levels were considerably lower than those found near Canada Metals 
where levels as high as 8250 ug/g were recorded. 

Since the soil reflects the historical situation of lead contamination by airborne 
lead particularly settleable particles in dustfall it could be argued that the levels 
are due to past emissions from Canada Metals and other sources. This contention 
is not supported by the findings concerning the contamination of foliar vegetation in 
the area which are indicative of on-going contamination. Calculations of soil con- 
tamination rates by lead in dustfall near Canada Metal indicate that current dustfall 
levels are sufficient to cause lead contamination (600 ppm) of fresh soil in relatively 
short periods so that remedial clean up without a reduction in dusttm .vels could 
only be a short-term remedial solution. 

The results of a soil depth survey showed that excessive lead in soil occurs to 
depths of 8 - 12" immediately to the north of the plant with excessive lead in the 
surface layer ,0-4" being found as far north as Queen Street , the contamination 
again decreases with distance from Canada Metals. 



Any soil removal and clean up program would not only have to remove a large air > 
of soil but would also have to replace soil at depths up to one foot near the plant. 

e) Vegetation Contamination 

Phytotoxicology surveys conducted in the Canada Metal area showed that levels of 
lead in vegetation showed little change from 1972 to 197 3, significant lead contamina- 
tion of vegetation was found from Leslie Street in the east , north to Queen Street and 
west to Winnifred Street. The difference between not washed and washed samples in- 
dicated a high proportion of surface contamination and the lead levels decreased in 
a statistically significant manner with distance from Canada Metal to the north 
and northeast. The results indicated that during 1972 and 1973 there was on-going 
excessive contamination of foliar vegetation by dust and finely divided particles to 
distances of 1500 feet from Canada Metal. 

Unless the on-going contamination of both vegetation and soil is arrested any 
remedial clean up and replacement of soil or turf can only be short term . 

Summary 

There is some encouraging evidence at this time that recent abatement measures 
at Canada Metal have had an effect. It appears at this time that despite a reduction 
in the degree of lead contamination the proposed air quality criteria of 5 ug/rr)3/24 
hours and 2 ug/m3/30 days and the suggested desirable guideline of 0.3 tons/m^/30 
days for lead in dustfall will continue to be exceeded within 250 feet of the plant. 
This will require further action by the Company on the problem of control of fugitive 
emissions. 



Soil lead levels will continue to be excessive up to 2000 feet from Canada Metal 
since lead in soil is relatively immobile and reflects past episodes of contamination 

It is anticipated that the extent of vegetation contamination will be reduced in 1974. 
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6.2 TORONTO RI.HN1.RS & SMELTERS LIMITED 
6.2.1 Review of Plant Operations 

The Company operates a smelting and refining process, using spent 
automobile batteries, and producing ingot lead and lead alloys. Production of 
lead is of the order of 15,000 tons per year. 

The operation is continuous , on a 24 hours per day and seven days per week 
basis for the smelting process , and on a 24 hours per day and five days per week 
basis for the refining and alloying processes. 

The main operations are depicted in process Flow Sheets, Nos , 1 through 3 
and are as follows: 

a) Lead Recovery Operations 

b) Smelting Operations 

c) Refining and Alloying Operations 

Emissions of lead indicated on the flow sheets and in Table No. 1 are based on 
calculations contained in the Interim Report on Lead dated December, 1973, and 
are updated to reflect the latest abatement activities (as at June, 1974) . A 
summary of abatement activities is included in Section 6.2.2 of this report. 



a) Lead Recovery Operations (Process Flow Sheet No. 1) 

Receiving and Storage 

Batteries and separated scrap are received by truck from various sources in 
Canada and the U.S.A. and are stored in outside storage piles. 

Separation Processes 

Battery tops are separated on a guillotine and are crushed, and the lead lugs 
and plate connectors stored in outside storage piles . Plates and grids are emptied 
from the cases and are also directed to the storage pile. Crushed plastic battery 
tops and cases are cleaned of lead and are disposed in an offsite dump area. Lead 
sulphate and oxide , washed off from battery cases , settles out as a sludge and is 
stored in outside storage piles . Acid from batteries is neutralized with soda ash , 
adjusted for pH , and directed to the sewer. 

Emissions 

Emissions from the battery top separator are controlled, using a settling chamber and 

a baghouse. Exhaust to atmosphere is through a separate stack (approximately 

50 feet high) . Emissions of acid like odours and particulate matter have been 

observed from time to time, from the following sources; 

guillotine penthouse 

battery case crusher 

battery storage pile 

recovered (scrap) lead storage piles 



i .m; 



Smelting Operations (Process Flow Sheet No. 2) 

Recovered (scrap) leud from a working pile within the smelter building is conveyed 
to a rotary drum feeder and then charged to the top of the reverberatory furnace 
for processing in an oxidizing environment . Product soft lead is collected in 
ingot form and is stored outside. Slag (or "reverb matt") is directed to the blast 
furnace . 

Blast Furnace 

Slag from the reverberatory furnace is charged to the blast furnace together with 
coke and scrap steel. Product "hard" lead is collected in ingot form and is 
directed for further processing in the refining and alloying operations. Slag from 
the blast furance is removed to an off site dump area. 

Emissions 

Exhaust gases from the reverberatory and the blast furnace , and containing 
suspended particulate matter, sulphur dioxide, and nitrogen oxides, are passed 
through hair pin coolers and the main baghouse, and then discharged through 
the main (62 foot) stack to the atmosphere. 

Fumes from the tap holes of the reverberatory and the blast furnace are exhausted 
through two small baghouses (in parallel) to the atmosphere via the 
main stack . 

Emissions have been observed from time to time from the reverberatory furnace 
charging operation as woll as from the top of the blast furnace, especially during 



upset conditions. 

Refining and Alloying Operations (Process Flow Sheet No. 3) 

Rt verberatory metal ("soft" lead) and blast furnace metal ("hard" lead) are 
further refined and alloyed in furnaces (kettles) of various capacities. The 
products, which include pure lead, antimony lead alloy and other lead alloys are 
cast into ingots and are stored. The dross is collected for reprocessing in the 
reverberatory furnace . 

Emissions 

Emissions of fumes from all kettles are contained and are passed through the main 
baghouse , and are discharged to the atmosphere via the main stack. 

f i . 2 . 2 Review of Abatement Activities 

Following surveys and recommendations of Provincial Officers of the Ministry of 
the Environment, the Company was required and undertook the following actions: 



a) all in-plant vehicular traffic routes have been paved with 
hard surface . 

b) all traffic routes are swept continuously. 

c) ready use raw material storage piles are covered with 
large plastic sheets and in-plant material handling has been 
containerized . 

d) storage piles are watered or oiled before being worked. 
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e) truck tifOb aw being water washed before the vehicle 
leaves the premises. 

f) the battery top crusher has been relocated and controlled 
with an approved settling chamber, a bag filter and stack. 

g) exhaust fume emissions from the slag tap and lead well, at 
each of the blast and reverberatory furnaces, have been controlled 
by the installation of exhaust hoods and ducts to direct the fumes 
to the main bag filter. 

h) emissions from three, 40 ton capacity kettles previously 
fitted with exhaust hoods have been directed to the main bag filter 
during filling, refining, alloying and pouring. 

i) the remaining five smaller kettles have been ducted to the main 

bag filter . 

j) the rotary furnace has been shut down. This process cannot be 

restarted without approval from the Ministry . 



The only item still outstanding is the construction of a 175 foot chimney stack 
to disperse SO2 emissions to Ministry's standards and to further reduce residual 
lead concentrations from the main bag filter, A Certificate of Approval has been 
issued by the Ministry for the construction of the stack. Completion of this item is 
dependent on the company receiving a building permit from the City. 

A further requirement of the Medical Officer of Health that the company construct 
a building to enclose long term stockpiles of lead bearing raw materials has been 
held up pending resolution of additional requirements for the enclosure. 
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TORONTO REFINERS AND SMELTERS - EMISSION SOURCE LOCATIONS 
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LEAD RECOVERY OPERATIONS 



lead plates- 
& grids 



emissions of 
sulphuric acid 
mist & particulate 
\ 



Batteries 



+-. outside storage- 
piles 



lead lugs & 
plate connectors 




Soda ash ^-Neutralization 

/ 

To Sewer 



Battery case crusher- 
and washer 



-^reverberatory furnace 



atrial 1 baghouse 



stack- 



to atmosphere 
(0.1 Ib/hr lead) 



emissions of suspended 
particulate matter 
4 



^-separator »- settling chamber 



Broken battery 
casings 



I 



To dump 



Lead sulphate and oxide 
powder 



Outside storage piles 



-•^■everberatory furnace 



PROCESS FLOW SHEET NO. 2 



SMELTING OPERATIONS 
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to atmosphere (1.3 Ib/hr lead) 



main stack 
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phosphorous pentoxide, arsenic 
trioxide, lead & lead compounds 



PROCESS FLOW SHEET NO. 3 



REFINING & ALLOYING OPERATIONS 
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TABLE NO. 6.2-1 



SUMMARY OF LEAD EMISSIONS 



Pounds per hour emitted 



SOURCE 


JANUARY 1968 


JUNE 1974 


Blast Furnace 


2.6 


1.0 


Reverb Furnace 


2.3 


0.8 


Refining and Alloying 


5.0 


1.3 


Battery Top Crusher 


Unknown 


0.1 


Rotary Furnace 


0.5 


Shut Down 


Storage pile and lead 


Indeterminate 


Indeterminate 


separation 






TOTAL LEAD 


10.4 


3.2 
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6.2.3 Summary u ( " "lirbornc Lead Levels in Vicinity of 

Toronto Refiners and Smelters 



The location of the sampling stations which measure the lead content in suspended 
particulate matter and in dustfall in vicinity of Toronto Refiners and Smelters are 
shown in Figure 6.2.3-1. 

A summary of the lead data obtained to date in the daily samples of the suspended 
particulate matter are given in Table 6.2.3-1, and the lead content in the monthly 
samples of dustfall are provided in Table 6. 2.3-11 (a) and (b). 

The lead levels in suspended particulate matter have frequently exceeded 
5 ug/rn 3 , but only on 4 days have any measurements exceeded 15 ug/m 3 at the 
two stations in vicinity of the plant. The geometric mean of all past readings exceed 
the longer term criterion of 2 ug/m 3 at both stations. In the more recent months of 
March and April of 1974, the criterion was met at Station No. 31018, where measure- 
ments were obtained 27 and 28 days respectively. 

Correlations of lead levels with hours of wind directions as shown in Figures 6.2.3-2 
and 6.2.3-3 indicate significant correlations for winds blowing from the plant 
property toward the sampling stations. The correlations indicate the plant as being 
the principle source of the lead concentrations measured at the two locations. 

Continuous operation of Station No. 31057 was prohibited by construction on the 
building on which the sampler was located. The April data for Station No. 31018 
did show an improvement over the previous month. The geometric mean was 
1.96 ug/m 3 , and the maximum reading was 4.40 ug/m 3 , thus meeting Ontario's 
criteria . 



The graphs of 28-day and 7-day moving averages of lead concentrations at 
Station No. 31018, and hours curing which winds were in directions from off 
plant property are given in Figures 6.2.3-4 and 6.2.3-5. The graphs illustrate 
some air quality improvement during April as compared to previous months . 

The major lead problem in vicinity of Toronto Refiners and Smelters has been the 
content in the dustfall. The measurements at the nearby locations continue to well 
exceed Ontario's guideline for desirable levels with little or no evidence of any 
improvement. The concentration of lead in dustfall vary directly with the distance 
away from the plant. See Figure 6.2.3-6. 

Figure 6.2.3-6 illustrates the relationship between the average lead in dustfall 
levels with distance from Toronto Refiners and Smelters deposit of lead indicates 
an amount ranging from 7i to 16 lbs. per day. A reduction in the order of 1/5 to 
1/10 of the amount presently emitted would be necessary for Ontario's guidelines 
to be met . 

The size distribution of particles were determined at Station No. 31018, and 
Station No, 31057, both being in vicinity of the Toronto Refiners and Smelters with 
Station No. 31018, closer to Bathurst Street and Station No. 31058, closer to the 
plant . The differences in location reflected differences in distribution with the 
greater amounts of lead in the larger than 7 urn size range occurring at the Station 
nearest the plant. With distance from the plant, the larger sized particles drop 
out due to gravity . At both Stations, the distribution differs with that occurring 
near only traffic generated levels of lead as shown in Figure 6.2.3 7, implying the 
higher concentrations of lead measured in each size range being due to the emissions 
from Toronto Refiners , 



TABLE 6.2.3-1 



TORONTO REFINERS AMD SMELTERS 
LEAD LEVELS IN SUSPENDED PARTICULATE MATTER 



tat ion 
No. 


Location 
Name 


Location 
Description 


Period 

Sampled 


No. of 
Days Sampled 


Geom. 
Mean 

Ug/m 3 


Maximum 
Cone. 

Ug/m 3 


No. of Days 

Cone. 

>5 ug/m 3 


% of Days 
Cone. 
>5 ug/m 3 


No. of Days t of J - 

Cone. Cone, 
>1S ug/m3 >15 ug/m 3 


31018 


25 Bathurst 
St. 


250 ft. NNE of 
Tor. Ret". 


19/4/73 

to 
25/5/-4 


156 


2.23 


14 


20 


13 








."^1057 

. — . 


Tecumseh St. 


120 ft. West 
of Tor. Ref. 


11/4/73 

to 
21/5/74 


113 


3.11 


25 


56 


52 


4 


4 



to 



19 7 3 



TABLE 6.2.5-II(a) 
TOTAL LEAD IN DUSTFALL - TORONTO REFINERS 
TON'S PER SQUARE MILE PER MONTH 



■ ncN 


LOCATION 


JAN. 


FEB. 


MAR. 


APR. 


1 


JUNE 


JULY 


AUG. 


SEPT. 


OCT. 


NOV. 


DEC. 


MEAN 


-\n$0 


Bat hurst -Niagara 


3.11 


0.97 


0.93 


Invalid 


Spec . 
Anal. 


0.75 


0.S2 


0.68 


1.27 


1.06 


Invalid 


1.18 


1.19 


7i051 


Niagara S: . 


0.23 


0.20 


0.24 


0.26 


0.43 


0.71 


0.74 


0.64 


0.C6 


0.30 


Invalid 


0.11 


0.41 


"10S3 


Cabin D, CNTl 








0.25 


0.37 


0.20 


0.20 


0.26 


0.32 


Invalid 


Invalid 


0.57 


0.31 


J7 31054 


Portlar.ti/V.V-l 1- 
ington Streets 


- 






Invalid 


0.12 


0.10 


0.12 


0.15 


0.32 


0.11 


0.09 


O.i: 


0.14 


51055 


Tccunseh St. 

i.'ood pole 01 








5.82 


2.49 


5.05 


2.37 


3.57 


6.67 


3.76 


3.47 


7. SI 


4.55 


31056 


Well ingtcn/ 

Niagara St. 








0.10 


0.08 


0.36 


0.15 


0.13 


0.12 


Invalid 


Invalid 


0.54 


0.22 



TABLE 6.2.5-IICb) 

1974 LEAP IN DUSTFALI. RES'JLTS - TORONTO REFINERS 
TONS PER SQUARE MILE PER MONTH 



STATION 


NO. 


J. AN". 


FEB. 


MAR . 


APR. 


MAY 


JUNE 


JULY 


AUG. 


SEPT. OCT. 


NOV . 


DEC. 


31050 


, 


.39* 


.87 


.58 


1.13 


.84 
















31051 


i 


.19* 


.38 


.24 


.44 


.24 
















31053 


i 


.13 


.50 


.84 


.26 


.32 
















310S4 




.11 


.11 


.11 


.11 


.11 
















31055 




5.19 


10.11 


5.12 


4.60 


3.94 
















31056 




.16 


.21 


.15 


.30 


.15 
















3 1074 




1.41* 


.14* 


.75 


.94 


.64 
















31075 


.07* 


.05* 


.09 


.13 


.16 



















* INSOLUBLE lead only 
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Summ ary ui Load Levels in Soil and Vegetation in the Vicinity 
of Toronto Refiners and Smelters, 28 Bathurst St., Toronto 



The key conclusions of phytotoxicology assessment surveys conducted in the 
vicinity of Toronto Refiners and Smelters in 1972 and 1973 are: 



1) A survey conducted in July 1972 at 10 locations in the vicinity 
of Toronto Refiners and Smelters demonstrated exceedingly high lead 
contents in surface soil (8,250 ppm) 100 feet east and in not washed 
foliage (fiHOO ppm) 20 feet north of the company. The not washed 
foliar samples possessed two to three times more lead than found in 
washed foliar samples. Lead levels in soil and vegetation decreased 
with distance to the north from the company . 

2) An expanded soil survey was conducted in March 1973 to 
delineate the extent of soil contamination in the vicinity of Toronto 
Refiners. The contaminated area (over 600 ppm in surface soil) 
extended to a distance of approximately 1500 feet east and west and 
1200 feet north of the company. Statistically significant decreases 
in lead content in soil were shown with increasing distances to the 
east, northeast, north and west of the company. 

3) The July 1972 survey was repeated one year later in which time 
the battery crusher was inoperative, and the results showed a twenty- 
fold reduction in lead levels in tree foliage immediately north of the 
company . 

4) In a fresh fruit and vegetable survey conducted in July 1973, 
none of 23 fresh fruit collections exceeded the Federal Health 
standard of 7 ppm lead, whereas six of 38 fresh vegetable collections 
exceeded the Federal standard of 2 ppm . Interpretation of all the 
analyses results indicated that the six excessive lead levels in fresh 
vegetables were due to surface contamination of soil. 

5) A dust sampling survey conducted in August 1973 showed that 
street dust collected near the refinery did not contain lead concentra- 
tions in excess of those found in dust on other streets in the City of 
Toronto. However, lead levels in undisturbed dust near the refinery 
were excessive when compared to similar dust samples collected at 

a distance from the refinery. The area of residual soil lead contamina- 
tion closely approximated the area possessing high levels of lead in 
undisturbed dust . 



6) There was a general increase in lead levels in vegetation in the 
vicinity of the refinery during the period July 4 to September 19, 
1973. The greatest increases were found immediately to the east, south 
and west of the refinery . Improvements in lead levels to the north of 
the company reflected relocations of operations on company property . 

7) A soil survey to indicate depth and extent of lead contamination 
in the vicinity of Toronto Refiners was conducted in November 1973. 
Soil contamination isopleths were drawn on a map showing the areas 
north of the company possessing over 500 ppm lead in soil to various 
depths . 

Description of these surveys follow , which include sampling locations , 
analyses results and their interpretation . 



6.2.4.1 Phytotoxicology Assessment Survey for Lead in Soil and 

Vegetation - July 24, 26, 1972 



Description of Investigation 

A soil and vegetation survey was conducted at 10 locations in the vicinity of 
Toronto Refiners and Smelters (Figure 1). Excessive levels of lead were 
detected in vegetation at distances up to 600 feet north and west, 1000 feet 
cast, and greater than 150 feet south of the plant, with extremely high levels 
ijoing detected immediately to the north and east of the company property (see 
Table 1) . Severe contamination of soil also was found to occur within this area. 
A comparison of the lead analyses for not washed and washed vegetation indi- 
cated a ratio of 2-3: 1, suggesting considerable surface lead contamination. 



TAHLi. I 

Chemical Analysis Results for Lead in Soil and Vegetation 
Collected in tne Vicinity of Toronto Refiners and Smelters 

on J u ly 24 and 26, I 1 ' 72 



: 






Lead Content 




Station No. 


.j i stance and 
Direction from Source 


(parts per 


■mill ion-dry 


we i iht) 


Ai | 3 r 


lth„S 


Surface 


NW* 


k .;ft* 


Soi 1 


1 


150' S 


246 


76 


4000 


2 


100' L" 


710 


245 


8250 


5 


400' E.NL 


29 1 


96 


57S 


5 


500' NINE 


530 


71 


520 


4 


I2D;}' :JL 


Bo 


45 




(. 


. ' H 


6800 


2200 


i5Q 


7 


' . 


5 50 


280 


1400 


8 


; ' H 


130 


50 


940 


9 


100 ' w 


295 


m 


2250 


10 


1 w 


317 


62 


4000 


Control 


1 .8 hi le NE. 


48 


33 


365 



*NW - analyzed as collected 

**.-, - washed prior to analysts 



33- 
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FIG. I " VEGETATION AND SOIL SAMPLING LOCATIONS NEAR TORONTO REFINERS AND SMELTERS 
JULY 24 AND 26, 1972. 



G . 2 . 4 , 2 Phytotoxicc,|.<gy Assessment Purvey lor Lead in Soil 

March 13, 1973 



Description of Investigation 

An extensive soil sampling survey was conducted in the vicinity of the Toronto 
Refiners and Smelters plant. Samples of soil from the 0-2 and 2-4 inch depths were 
collected at increasing distances to the FNE , N . NVV and W and from a control 
location to the NE . 

Observations and Results 



The lead analyses results for the soil sampling survey are shown in the attached 
table. Soil lead levels significantly above normal for an urban urea were found 
from just beyond Draper Street on the east, Stewart and King Streets on the west 
(see attached map) . This contaminated zone comprised an area approximately 1500 
feet to the east and west, and 1200 feet to the north of the source, or approximately 
0.2 square miles. The extremely high levels of lead detected in the 0- 2 inch layer 
confirm the airborne nature of the contamination. 

The correlation between the lead content of the 0-2 and 2-4 depths and sampling 
distance from the source is shown below: 



Direction from Correlation Between Lead Content and Sampling Distance 
Source 0-Inch Soil Depth 2 4 Inch Soil Depth 



E -0.90* -0.90* 

KL 0.99** -0.95* 

N -0.93* -0.95* 

NVV -0.90* -0.75 

** significant at 1 ° ! ■ ' 

significant ■ ; 

i ■ 



With one exception, the lead content of 2 find 2-4 inch soil layers decreased 
significantly with increasing distance to the E. NE, N and NYV of the plant. 



TABLE 1 

Lead Content of Soils Collected in the Vicinity 
of Toronto Refiners and Smelters 

March 13, 1973 



Station No 

1 
2 
3 
4 
5 
6 

7 

8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
(Control) 



Lead Content (ppm dry weight) 
Distance from Source 0-2" 2 - 4" 



200' 


E 


10,000 


750' 


i: 


813 


1,500' 


F 


1.375 


2,350' 


E 


590 


600" 


nl: 


2,300 


1,000' 


NE 


1,325 


1,500' 


NE 


615 


50' 


N 


11,950 


300'NN 


1,400 


850' 


M 


1,300 


1,200' 


N 


225 


350' 


NW 


1,475 


725' 


NW 


850 


1,250' 


NW 


238 


1,575' 


NW 


40 


1,100' 


YV 


623 


2,250' 


W 


330 


2.5 mi 


les NE 


320 



7,600 

495 

800 

388 

1,175 

1,025 

728 

5,500 

1,075 

875 

238 

630 

510 

288 

15 

460 

85 

288 



*r 



1 1 




6.2.4.2. 
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FIG. I * ZONES OF LEAD CONTAMINATION (IN ppm) IN SURFACE SOIL (0-2'OEPTH) NEAR TORONTO 

REFINERS AND SMELTERS. MARCH 13. 1975. 



(i . 2 . 4 . 3 Phytotoxicology Assessment Survey for Lead in Soil 

and Vegetation - July 4, 1973 



Description of Investigation 

This survey which consisted of sampling soil and Ailanthus foliage for lead 
analysis from the same locations in the vicinity of Toronto Refiners as on 
July 24, 1972, was conducted just prior to the rescinding of the AMR Stop 
Order in early July 1973. 

Observations and Results 

The lead content of the soil and vegetation is shown in Table 1. Shown also are 
the corresponding lead analyses results for the 1972 samples. 

Elevated levels of lead were detected in the washed foliage of Ailanthus trees grow- 
ing in the area bounded by Wellington Street on the north, Tecumseth Street on the 
west and Bathurst Street on the east, with high levels being detected in the 
immediate vicinity of the plant . The lead content of the soil in this area also was 
extremely high, with the area of contamination extending to the boundaries that 
were previously established in the March 1973 soil survey. 

Since lead is tenaciously held by soils , the levels in soil were relatively unchanged 
from 1972 to 1973. The variations in the lead levels were due to the heterogenous 
nature of soil, and to the variabilities encountered in sampling. In contrast, it is 
apparent from these results that the lead content of the deciduous Ailanthus foliage 



generally w;is much lower in July 1973 than was found it: July l l ,<7"2. The nature i 
extent of this reduction is shown in Table 'J. Samples collected to the north and 
northeast of the plant contained levels of lead that ranged from 32 to 96" lower thai, n, 
1972. In each of these directions the greatest reduction in lead content was detected 
close to the plant and the size of the reduction decreased with increasing distance 
from the source. These figures reflect a decrease in airborne lead in the area over 
the one-year period . 



■!■; 



TABLE I 

Lead Content of Soi I and Vegetation 

Vicinity of Toronto Refiners and Smelters 

July 24, 1972 and July A, 1973 









Lead Content (ppm - 


dry weight) 


Station 

No. 


Distance & Direction 
from Source 


Ai lanthus 


Soi 1 (0-4 Average) 


July 


24/72 


July 4/ 73 


July 24/72 


July 4/73 


NW 


W 


NW W 


1 


150' S 


246 


76 


155 86 


4000 


5525 


2 


100' E 


710 


245 


125 52 


8250 


20590 


: 3 


400' ENE 


291 


96 


59 22 


575 


612 


1 

5 


500' NNE 


330 


71 


98 48 


2320 


587 


A 


1200' NE 


86 


45 


44 24 


890 


565 


f: U 


20' N 


6800 


2200 


300 1 20 


2350 


6500 


1 


200* N 


530 


280 


1 26 60 


1400 


877 


i 8 


600' N 


130 


50 


48 22 


940 


375 


i 9 


100' w 


295 


80 


550 220 


2250 


2187 


1 

10 


500' W 


317 


62 


260 110 


4000 


4500 


Con t re 


3l 1.8 mi le NE 


48 


30 


34 || 


365 


212 



214 



r_A_H_LL__^_ 

Percent Keduction in Lead Content of Ai lanthus Foliage 
During F J eriod of Stop-Order 
(Collections Made July 24,1972 and July 4, 1973) 



Station Ho. 


Ui stance and 
direction from 
Sme Iter 


Percent Reduction in Lead Content 
Ai 1 anthus Fol iage 


Not Washed 


Washed 


1 


150' 5 


37 


+ 13 


2 
3 
5 

4 


100' El 
400' LNS 
500' NNL 
I200 T NE 


82 
80 
70 
49 


79 
77 
32 
47 


6 
7 
8 


20' N 
200' N 
600' N 


96 

76 
63 


95 
79 
56 


9 

10 


100' W 
500' W 


+ 120 
18 


+ 175 
+ 77 



'% increase in lead content 

Lead content in ppm - dry weight 



» 



<;. 2. 4. 4 Phytotoxicology Assessment Survey for Lead in 

Fruit and Vegetables - July 30 - 31, 1973 



Description of Investigation 

Samples of fresh fruit, fresh vegetables, leaves, stems, roots and soil were 
collected for lead analysis from 27 locations within a 1500 foot radius of the 
company. The sampling was requested by the Toronto Board of Health and 
was designed to determine if home grown fruit and vegetables were safe for 
human consumption. 

Observations and Results 

Table 1 lists the average lead contents of fruit , lettuce , other leafy crops , beans , 
stem and root crops, and soil in which these crops were growing. Twenty-three 
fresh fruit samples were collected, most of which were tomatoes. All samples had 
lead levels well below 7 ppm , which is the maximum acceptable level for lead in 
fresh washed fruit, as set by the Federal Health Protection Branch. The highest 
lead level among fruit samples was 1 .1 ppm. Of the 38 fresh vegetable samples 
collected, six samples exceeded the Health Protection Branch maximum acceptable 
limit for lead in fresh washed vegetables of 2 ppm. Four of these samples were 
lettuce leaves and two were root crops, horseradish and beets. It is likely that 
high lead levels in these samples were due to surface contamination by soil, 
because garden soil in this area averaged 672 ppm in the upper two inches . 
However, this lead in the soil does not readily enter plants and except for surface 
contamination , fresh fruits and vegetables collected around Toronto Refiners were 
safe to eat. 






TABLE 1 - Average "lead levels in fresh washed fruit and vegetables, 

and in qarden soil collected near Toronto Refiner and Smelters 



Sample 






Lead 


Content 


, PPM 










Average 




Range 


Fruit 






0.43 




0.2 - 


1.1 


Lettuce 






3.50 




1.1 - 


14.5 


Leafy vegetables 






1.24 




0.4 - 


1.9 


Beans (whole pod 


s) 




0.77 




0.6 - 


1.0 


Stem crops 






1.00 




0.4 - 


1.7 


Root crops 






1.01 




0.6 - 


2.1 


Garden soil 0-2 


inc 


hes 


672 




198 - 


1260 


2-4 


inches 


681 




288 - 


1650 



U . 2 . 4 . 5 Phytotoxicology Assessment Survey for Lead in Dust 

August 20 - 21, 1973 



Description of Investigation 

This survey was designed to determine the extent to which dust on streets and in 
undisturbed locations contributed to lead contamination in the Toronto Refiners 
and Smelters area. 

The sampling locations were selected to correspond with a soil sampling survey 
which was conducted on March 13, 1973. Accordingly, sixteen sites located at 
increasing distances to the east, northeast, north, northwest and west of the 
plant were sampled. Control samples were collected at 0.6 and 3 miles north 
and 1 mile north northwest. The surfaces sampled can be grouped into two main 
categories: 

1 . paved streets 

2. other surfaces (excludes all surfaces subject to normal 

vehicular movement) 

window ledges 

sewer covers (metal) 

asphalt (driveways, street shoulders, 

private parking lots and playgrounds) 

A sample of dust from the street was collected at each site . Sampling from other 
surfaces varied according to the site characteristics. 

Observations and Results 

The percent of lead in the dust samples collected from streets and other surfaces 
is shown in Table 1 . Shown also for comparative purposes is the lead content of 
the corresponding samples of soil (0-2 inch layer) which were collected five months 

earlier. 

* 



I 



U) 



Lust .: 



.. 1 S'jrlaeet. 



The percentage of lead in dust collected on street surfaces ranged from 
0.31 to 1 .10",. With one exception, the lead content of dust collected 
from streets close to the source was similar to that of dust collected 
from streets in control areas. The exception was the elevated level of 
1.1% lead in dust collected from Bathurst Street at Station 1 , immediate- 
ly east of the source. 

A statistical comparison of the street dust results with the lead content 
of soil samples collected in R'arch yielded a non-significant "r" value 
of 0.37. 

(ii) Dust from Other Surfaces 

The composition of dust collected from surfaces other than paved streets, 
ranged from O.20 to 7.72%, with the highest levels being detected near 
the company. Lower levels generally were detected at increasing distances 
in each direction from the company. A statistical comparison of these 
results with the corresponding soil analyses, revealed highly significant 
(1% level) "r" values of 0.77 and 0.90 respectively for the 0-2 and 2-4 
inch soil layers. The area of lead contamination, based on (i) the dust 
samples and (ii) the soil samples is shown within the areas on the attached 
map. It is readily apparent that these two methods of defining the lead 
contamination problem have yielded remarkably similar findings. 

In an effort to check the validity of these findings, comparisons were 
madebbetween the lead content of the dust samples at Stations 1 and 12 
and corresponding lead values from hi-volume samplers operating at 
these locations. 



Sampling Location 



Average t, Lead in Average ". Lead in 
Hi-Volume Samples Dust Samples 

Apr- Aug 1973 Aug 20, 1973 



Station 1 (Hi Vol 31018) 
Bathurst St. 



2.05 



2.02 



Station 12 (Hi Vol 31057) 
Tecumseh St. 



2.08 



1.85 



* values shown are extrapolated to correspond with location of hi-volume 

sampler 
** values shown are from surfaces not travelled by vehicular traffic 



The percentage composition of lead in the two types of samples was found to be 
similar at the two locations . 



TAULL I 

Lead Content of Dust and Soil Collected in the Vicinity of 
Toronto Refiners and Smelters, Toronto 



station No. 


Distance from 
Source 


Lead Content of Dust (%) 


Lead Content of Soi 1 
(ppm) - dry weight 


Street 

Surfaces 


Other 
Surfaces 
__ — . — __ — —. 


(0-2 inch layer) 


1 


200' E 


I. 10 (Bathurst) 


7.72, 1.81 


10 000 


2 


750' E 


0.61 (Niagara) 


1.07 


813 


3 


1500' E 


0.45 (Wellington) 


0.82 


1 375 


4 


2350' E 


0.49 (Wei 1 ington) 


- 


590 


5 


600' NE 


0.50 (Bathurst) 


0.40 


2 300 


6 


1000' NE 


0.60 (Stewart) 


0.54 


1 325 


7 


1500' N 


0.52 (Portland) 


0.24 


615 


8 


50' N 


0.31 (Niagara) 


2.23, 1.47 


II 950 


9 


300' N 


0.55 (Wei 1 ington) 


0.97 


1 400 


10 


850' N 


0.4u (King) 


- 


1 300 


It 


1200' NW 


0.38 (Adelaide) 


0.24 


225 


12 


350' NW 


0.67 {Tecumsetb) 


1.47 


1 475 


» 3 


725' NW 


0.46 (Wei 1 ington 


0.67 


850 


14 


1250' NW 


0.31 (King) 


- 


238 


15 


1575' NW 


0.41 (Niagara) 


0.32 


40 


16 


MOO' W 


0.37 (Walnut) 


0.47 


623 


Controls 


0.6 mi N 


0.42 (Bathurst) 


0.48 


- 


. 


3.0 mt N 


0.78 (Bathurst) 


0.43 


- 




1 .0 mi NNW 


0.34 (Dovercourt) 


0.20 


- 


1 


2.5 mi NW 


- 


- 


320 



220 
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FIG. I - LEAD CONTAMINATION OF SOIL AND DUST NEAR TORONTO REFINERS AND SMELTERS 

AUGUST, IOT3 



G . 2 . 4 . 6 I'hytotoxiculogy Assessment Survey for Lead in Soil 

and Vegetation - September 19, 19 73 



Description of Investigation 

This survey was conducted approximately 10 weeks following the cessation of the 
AMR Stop Order on the battery crusher at Toronto Refiners and Smelters. 

Samples of Ailanthus foliage and soil from the 0-2 and 2-4 inch layers were 
collected for lead analysis from 10 previously established sampling locations 
(July 4. 1973, July 24, 1972), 

Observations and Results 

The lead content of the soil and vegetation samples is shown in Table 1 . Ex- 
cessive levels of lead were present in vegetation in an area extending to the 
northeast of the company as far as the intersection of Portland and Wellington 
Streets. The area immediately north of the company was much less severely 
affected than in previous surveys with the lead content of vegetation just approach- 
ing excessive levels. Excessive levels also were present to the immediate south 
and to the west as far as Tecumseth Street. Little or no change was detected in 
the severity of soil contamination when compared to previous surveys. The size 
of the area of soil contamination also remained unchanged from the boundaries 
established during the March 1973 survey. 

For comparative purposes, the lead contents (not washed) of Ailanthus foliage 
collected from the 10 permanent sampling sites in July and September, 1973 and 
July 1972 are shown in Table 2. 



The use of the Sf pten ! lead Levels in vegetation a: :*n indication of the 

effectiveness of the controls that were installed on the battery crusher prior to 
its start-up in July 1973 depends on an understanding of the exposure periods. 

The lead detected on the foliage in July 1973 was deposited over an approximate 
5 week period of the growing season during which time the crusher was 
inoperative. The lead deti etcd in September was deposited on the foliage over 
the same 5 week period and for an additional 10 week period during which tune 
the crusher was operating. Because of these differences, a simple comparison 
of the two sampling dates is of little value. However, if it is assumed that lead 
deposited on vegetation during the first five weeks of the growing season would 
continue to have been deposited at the same rate for the next 10 weeks, it is 
possible to predict the lead levels in September, had the battery crusher remained 
closed all summer. A comparison of these "predicted lead levels 1 ' with the actual 
September levels then would yield the approximate contribution of the "controlled" 
crusher to the background lead emissions from other sources within the plant. 
The actual and predicted levels are shown in Table ;3 . In only one case (Station 
#3) was the actual level much higher than the predicted figure. At the remainder 
of the stations, the actual lead content either was less than or similar to the 
predicted level. These comparisons indicate that the higher lead levels detected 
in September have resulted from ongoing lead emissions from other sources in and 
around the plant and that the lead emission controls installed on the battery crusher 
appear to be effective. 



TABLE I 

Lead Content of Soi I and Vegetation 
Vicinity of Toronto Refiners and Smelters 
September 19, 1973 





Distance and 
Direction from 
Source 


Lead Content (ppw-dry weight) 




Station No. 


Ai lanthui Fol iane 


Soi 1 






NW 


W 


0-2" 


2-4" 




1 
2 

3 

! 

5 

1 

4 

6 

■ 

7 

■ 8 

9 

10 

Control 


150' S 

100' E 
400' ENE 
500' NNE 
1200' NE 

50' N 
200' N 
600' N 
100' w 
500 » W 
1.8 mi le NE 


339 

308 
249 
174 
128 

163 

68 

151 

290 
370 

48 


378 
231 

74 
123 

81 

74 
47 
89 
200 
200 
20 


4850 

4050 

650 

625 

343 

2950 

1380 

775 

1730 

1200 

403 


1530 

1980 

448 

675 

278 

4130 
718 
800 
670 

1130 
298 





NW - not washed 

V* - washed 



• 



j_A.MJ_2_ 

Lead Content of AMnnthus Foliage Collected 
in the Vicinity of- Toronto Refiners and Smelters 
July 24,1972 - July 4, 1973 - September 19, 1973 



Station No. 


Distance and 
Direction from 
Source 


Lead Content Cppm - 


dry weight) 


Ailanthus foliage (not washed ) 

i 




July 24/72 


July 4 /73 


Sept. 19/73 j 


1. 


150' S 


246 


155 






339 j 


2 


100' E 


710 


125 




308 


3 


400* ENE 


291 


59 




249 | 


5 


500' NNE 


330 


98 




174 


4 


1200' NE 


86 


44 




j 


6 


20' N 


6800 


300 




■i 

168 


7 


200 ? N 


530 


126 




68 j 


8 


600' N 


130 


48 




i 
151 


9 


100' W 


295 


650 




. 290 | 

I 


to 


500' W 


317 


260 




370 


Control 


1 .8 mi les NE 


48 


34 




48 



TABLE 3 

Actual and Predicted 
Lead Content of Ai lanthus Foliage ( r.ot Washed) 
■ as of September 19, 1973 



Station No. 



I 

? 
3 
5 
4 

6 
7 
8 
9 
10 



Distance and 
Oi recti on 



150' S 

100* E 

400' ENE 

500' NNE 

1200' NE 

20' N 
200' N 
600* N 
100' W 
500' W 



Lead Content (ppm - dry weight) 



Actua I 



339 
308 
249 
174 
128 

168 

63 

151 

290 
370 



Predicted 



465 
375 
177 
294 
132 



Vari ance 



378 


less 


144 


same 


1950 


less 


780 


Jess 



less 

(ess 
more 
less 

same 



* prediction not valid due to change in sample location from July 4 to 
September 19, 1973 



6.2.4.7 Phytotoxicjlo^y As;->i : s'iv nt Survey for Depth u t Lend 

Contamination in Soil - November 21 22, 1973 



Description of Investigat ion 

The purpose of this survey was twofold: 



1. to determine the depth to which soil is contaminated 
in the vicinity of the Toronto Refiners and Smelters plant 
in the event that replacement is necessary, and 

2. to study the possibility of any lead contamination 
originating from lower geological materials. 



At each station shown on the attached map (station locations correspond to those 
of the March 13, 1973 soil survey) , soil samples were taken to a depth of 16 inches 
and separated for lead analysis into four-inch increments as follows: 0-4, 4-8, 
8-12, and 12-16 inches. 

Observation and Results 

The lead content of all soil samples is shown in Table 1 . Using the value of 500 ppni 
as an indication of excessive lead levels in soil, contamination isopleths for each of 
the four soil depths have been drawn on the attached map. This map could be used 
as a basis for determining excavation depth in the event that soil replacement 
becomes necessary. 

It is apparent also from this map that lead is not originating from lower geological 
materials. The severity of contamination at low soil depths was found to decrease 
with increasing distance from the plant. 



lALiLL I 

LEAD CUNTENT OF SOILS COLLECTED IN THE VICINITY OF 
TORONTO REFINERS AND SMELTERS, 

NOVEMBER 21-22, 1975 















station 

Mo . 


Distance from 
Source 


Lead Content (ppm - dry 


wei ght) 




0-4" 


4-8" 


8-12" 


12-16" 


1 

i 

1 

t 


100* LNE 


208 


I06C 


(280 


1 130 


! 2 


750' E 


535 


280 


120 


330 


: 5 

\ 


1500' L 


GOO 

r 


528 


53 


88 


1 

4 


2350' E 


295 i 


173 


80 


40 


! s 


6C0' NE 


1600 


740 


388 


233 


1 > 


1000' NE 


920 


1 180 


950 


135 


; 7 


1500' NE 


868 


738 


570 


228 




50' N 


5380 


7180 


?7 C 


228 


9 

■ 


500' N 


IQ6.0 


5?0 


210 


80 


, 


850' N 


5b 3 


450 


165 


88 


1 

I 1 


1700' N 


265 i 

■ 


155 


9 3 


75 


1 

12 


350' NW 


945 


503 


345 


135 


1 ' 


725' NW 


5 70 


50P 


93 


28 


14 


1250' NW 


155 


120 


25 


30 


15 


1575' NW 


4 5 


2^ 


25 


80 


16 


MOO' W 


433 


258 


153 


15 


17 


2250' W 


625 


11800 


140 


30 








I , 








— 5.J 



2.4. 7. 



PBO. Nl 31)1 



FIG 



DEPTH OF SO?'. CONTAMINATION WEAR TORONTO REHNERS AW' SMF' -"■ 



■-■ - ;. z. oi 



.^.7' 



, ,4 ."5 Toronto Refiners ami Smelters Limited - Analysis 
,.) Abatement Activities 

Toronto Refiners unci Smelters has, under supervision of the Ontario Ministry 
o! the Environment, taken action to reduce emissions of lead into the environ- 
ment (see Section 6.2.2). 

Since the fall of 1973 there have been no major improvements made and the Ministry 
and the City of Toronto Department of Public Health have been working to get the 
Company to erect an enclosed building to contain the stockpiles and the working 
scrap pile at the foot of Tecumseh Street which is suspected of being a mojor source 
of dust emissions . The Company agreed in principle to these requests but was 
unwilling to agree to all the conditions imposed by the City of Toronto in their 
conditional approval of a building permit. The matter is now stalled and both the 
City and the Ministry are seeking the most expedient way to force a resolution of 
the problem . 

b) Suspended Lead Levels 

Levels of suspended lead measured by Ministry of the Environment air sampling 
stations near the Toronto Refiners and Smelters plant are well above those normally 

found in downtown urban areas away from expressways and have exceeded both the 

3 1 

existing and proposed air quality criteria of 15 ug/m /24 hours and 5 ug/m /24 hours 

and 2 ug/m /30 days respectively. 



Com»latifJHS of the incidence of high lead levels with wind direction at both stations 
in plicate Toronto Refiners as the major source of the high levels. Graphs show that 
there has been no obvious improvement in air quality since early 1973. 

Particle size distributions measured by cascade impactors again show that there is it 
marked shift into the larger size range at both stations with winds from the plant. 
The particles are in the smaller size range at 150 feet north east of the plant and un- 
doubtedly the distribution is influenced by some automotive generated lead from 
Bathurst Street. The particle size range 50 feet north west of the plant is much larger 
with an even greater tendency towards larger particles with winds from the plant. 
It is apparent that there may be a fallout of larger particles from 50 to 150 feet of the 
plant and this is supported by the rapid fall-off in dust fall levels with distance. 

c) Dustfall 

Levels of lead in dustfall in the vicinity of Toronto Refiners are extremely high with 
the highest levels ever reported being found some 10 feet from the property line 
on Tecumseh Street. 

The computation of total dust fall-out in the area gives a value of 7i to 16 lb/day 
which is greater than previous estimates made in December 1973. It is apparent 

that a very large reduction in fugitive dust emissions will be required to meet the 

9 
desirable objective for lead in dustfall of 0.3 tons/mile /30 days. 

It has been calcualted using the formula from section 2 that present rates of dustfall 
could cause unacceptable contamination of fresh surface soil in as little as 2£ years 
at 50 feet from the property line. 



d) Vegetation Contamination 

The lead eontrtmination of foliar vegetation in the vicinity of Toronto Refiners and 
Smelters has been found to be excessive for distances of up to 600 feet north, 1200 
feet east and 600 feet west of the plant. There was a marked decrease in levels 
found immediately to the north of the plant since the battery top crusher was 
relocated and controlled. The difference between not washed and washed lead 
levels in vegetation was indicative of a significant degree of surface contamination 
in line with the high levels of lead in dustfall and settleable particles also found. 

Soil Contamination 

During surveys made in 1972 and 1973. soil lead levels were found to be elevated in 
an area 1500 feet to the east and west of Toronto Refiners and 1200 feet to the north 
(0.2 square miles) . There is a very high correlation of soil lead level with distance 
from the plant in the northwest, north-northeast, and east directions. Levels in 
excess of 10,000 ug/gram (l 9 o)were found close to the plant. 

emulations show that contamination of replaced soil would he rapid close to the 
plant and 1974 surveys will indicate if there is a change as the calculations predict . 

Dust Contamination 

Samples of dust collected from streets nnd other horizontal surfaces showed above 
normal levels ranging from 0.2 - 7.7% weight. The higher of these values is above 
those reported in the literature for street dust in American cities. 



Sun.man 



Abatement actions taken by Toronto Refiners and Smelters to date do not appear 
to have been effective in reducing lead contamination of air. dust fall, soil and 
vegetation to acceptable levels. 

The correlation of high suspended lead levels with winds from the plant and the 
fall -off in dustfall. soil and vegetation contamination with distance from the plant 
implicate ongoing plant operations as the major source of had. Particle size 
distributions confirm this with large particles near to the plant and smaller 
particles at 150 feet away and indicate fugitive emissions may be the main problem 



y 3 ELTRA OF CA NADA LIMITED, PRESTOLITE HATTKRY DIVISION 

6.3.1 Review of Plant Operations 

This plant is located in an industrial area and on the southwest corner of Dufferin 
Street and Geary Avenue in the City of Toronto. An appended site plan, Figure 1, 
indicates the proximity of residences, within about 500 feet of the plant. There are 
industrial plants to the north, east and west and a Canadian Pacific Railway right- 
of-way immediately south of the plant. 

Normal operations are on a five day per week basis employing approximately 130 
persons , mostly on the day shift. The oxide mill is operated on a 24 hour basis. 
Some production operations are continued on a second or third shift as required. 

The lead acid-battery making operations at this plant are essentially typical for 
the industry and may be briefly summarized as follows: (Flow Sheet 1) 

Lead Oxide Production 

Lead in pig form is melted in gas-fired melt pots and cast into small slugs for con- 
venient feeding at controlled rates into rotating-drum ball mills . In these mills , 
the lead is reduced by impact , grinding and attrition to a fine , powdery form . 
Lead oxide is formed due to the heat of friction generated in the process and the 
continuous introduction of air into the mills. The lead oxide is withdrawn from 
the mills by air suction fans and collected in fabric filter units (baghouses). 
The filtered exhaust air is released to atmosphere. 



::j i 



The had oxide f>bO) procacd in thi: " ,i:irn_'' it- tf.il tl into steel drums lor 

storage and subsequent use in the preparation lead oxide paste. 

Paste Mixers 

The lead oxide from the mills is dumped in measured quantities into fixed-drum 
rotating paddle mixers, sulphuric acid solutions added and a dough-like paste 
produced. Lead oxide dust is generated in the dumping and mixing phase and 
is exhausted from the area into the plant dust collection system. 

Grid Casting 

The lead grillages or "plate" grids which form the fundamental element in lead 
ajid batteries are made automatically from molten lend in a line of grid-casting 
machines fed from a series of gas-fired melt pots. Lead bearing fumes from the 
melt pots and casting machines are exhausted from the area, through u cyclone 
to atmosphere. This is not a dusty operation and lead emissions are limited by 
the relatively low temperature of the melt pots. 

Grid Pasting 

In the grid-pasting machines, the oxide past is pressed by means of automated 
rollers into the cavities of the grids. The pasted grids arc conveyed through 
gas-fired tunnel driers , brushed free of excessive paste and hand stacked onto 
pallets. Lead oxide dust is generated in considerable quantities at the discharge 



U of the tunnel driers, ciuc to the agitation and brushing of the plates. This 
n: ;t is drawn from the operation into the dust collection system. Combustion 
iumes from the burners in the driers exhaust directly to atmosphere. 

Plate Forming and Preparation 

The pasted plates are air-cured for a period of time on the pallets , then transferred 
by hand into banks of acid filled tanks in a "forming room" . Here they are inter- 
connected and a direct current voltage is applied for a period of time to convert 
them to a "charged" condition. On removal from the forming tanks they are dried in 
ovens . Acid fumes from the forming room are exhausted through a fume scrubber . 

After drying, the plates, which are twice the required size, are cut in two with the 
aid of band saws located within mechanically ventilated enclosures . At this station 
they are also brushed free of excess paste . This operation produces considerable 
dust and the exhaust is connected to the dust collection system. 

Battery Assembly 

At various stations along assembly lines, the prepared plates are assembled into 
cells, the required number of cells are joined together into cell groups or units. 
These units are placed into the battery casing and the lid or top is applied and 
sealed in place. 

At a number of these assembly stations , lead soldering is used to make the necessary 
electrical interconnections . 






Some lead fumes are released as a result. These fumes and in addition, the 
lead-bearing dust generated in the handling of the plates during assembly, 
are exhausted through the plant dust collection system. 

A.iscellaneous Operations 

In addition to the above operations the following potential secondary airborne lead 
sources should be mentioned: 

The Small Parts Casting Operation 

This is similar in principle to the grid casting, but of much smaller scale. 

The Scrap Lead Melting Operation 

Lead bearing scrap from the other plant operations is melted down in a separate 
gas-fired melt pot. Some lead fume and dust are generated at this station on 
occasion as it is used only on a periodic basis. 

Waste Disposal 

The dumping of lead dross accumulations and of baghouse collected dust into bulk 
containers at the south side of the plant for removal from the property , can be a 
fugitive dust source from time to time. 



Plant Maintenance and Housekee ping 

The emission of airborne lead-bearing dust from vehicular activity on the property 
is a potential problem depending upon housekeeping, both within the plant building 
and in the yard operations. 



'.! A K 



In sunimary, the operations which require consideration in 
any comprehensive lead emission control program for this plant 
are listed below with the relative priority and present 
status indicated. 



SOURCE 



RELATIVE PRIORITY 



STATUS 

JULY 1, 1974 



Oxide mil 1 ing 

Paste mixing 

Grid pasting 

Plate preparation 
(saw parting) 

Battery assembly 



(1) (Major) 

(1) 

(1) 

(1) 

(1) 



Controlled by 
baghouses 



Plate forming 

Plant housekeeping 
Yard housekeeping 
Grid casting 

Smal 1 parts casting 
Scrap remelting 
Waste disposal 



(2) 


(Secondary but 
important) 


Controlled by wet 
scrubber 


(2) 
(2) 


) 
) 


On program 


(3) 


(Minor) 


Cyclone only , 
partial control 


(3) 




Control imminent 
{by baghouse) 


(3) 




Control imminent 
(by baghouse) 


(3) 




Further control 



measures required 



* Potential for causing servere off-property effects if uncontrolled, 
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FIG. 6.3.1-1 LAND USE IN THE VICINITY OF PRESTOLITE , TORONTO. 



PRESTOLITE COMPANY 



■ t. ^ .. j j 



Oxide Mill and 
Battery Production 



Lead 
Dust 



Exhaust to 
'Baghouse "B' 



Fumes to 
Atmosphere 




Purchased 
Pig Lead 

Fumes to 
Atmosphere 

Cast 
Grids 



Produce Oxide in 
Mills 



Paste Grids to 
Form Plates 



I 



Flash Dry, 
Brush 

I 

Air Dry 



p late Forminq 
(charging) 



Oven Dry 
Plates 



I 



Saw Part 
Twin Plates 



I 



Purchased 
H 2 S0 4 




t 



Acid 
Mist 



Lead 
Dust" 



Assembly ^_ Lead, 

Dust' 



Exhaust to 
Baghouse "B" 




Exhaust to 
Baghouse "B" 



Acid Mist 
El iminator 



Exhaust to 

Atmosphere 



.Exhaust to 

'Baghouse "A" 



Ship 



Baghouse "A" - 35,000 cfm 
Baghouse "B" - 35,000 cfm 



.2 Review n\ Abatement Ac tivities - Presfolite 



i'o date, the Company has taken the following abatement action: 



a) An acid mist eliminator (wet scrubber type) has been in- 
stalled on the exhaust to the forming room . 

b) A high efficiency fabric filter (baghouse) has been installed 
to control lead dust emissions from the saw parting and from the 
assembly operations. This replaced existing, low -efficiency control 
equipment . 

c) A high efficiency fabric filter (baghouse) has been installed to 
control lead dust emissions from the oxide mills, the past mixing and 
the grid pasting operations. 

d) Bag failure detection devices have been installed on the above 
mentioned baghouses and an intensive program of regular bag in- 
spection and replacement has been established . 

e) The employee parking lot has been paved. 

f) The scrap lead recovery operation has been discontinued 
temporarily , until a baghouse can be installed to control emissions 
from this source. 

g) A program of improved housekeeping has been established to 
reduce yard traffic generated dust omissions. 

h) The lead waste disposal area has been improved to allow better 
control of fugitive dust emission 

i) Truck traffic areas in the plant yard have been repaved where 

necessary to facilitate housekeeping. 



As of July 1, 1974, the Company has completed the installation of Ministry approved 
control equipment on all its major lead emission sources. Plant emissions are now 
being evaluated for full compliance with The Environmental Protection Act, 1971 
and Regulations . Estimated particulate and lead emissions are given in Table 1 , 
appended hereto. Stack emission tests ire scheduled to complete this 
evaluation . 



FABLE 6.3-1 



ESTIMATED PARTICULATE & LEAD EMISSIONS 



SOURCE 
(see attached 



Grid- (U 

Casting 



HI. UF 
STACK 
(FT) 



DIA. uF 
STACK 
(FT) 



sketch for locations) 



TOTAL PARTICULATE 
EMISSION :;ATE (q) 
(LB/HR) 



37 



Assembly (2) 



Pasting (3) 



.U 



3.5 



3. : j 



LEAD 
iSION 

RATE (Q) 
L'i/HR 



EGV 

(CFM) 



4d15 



(bases on stack emission tests) 



2.93 



O.f-2 



36764 



(based on stack emission tests 



) 



3.0 



3.0 



(based on emission 'factor for 



EGT 
(°F) 



140 



7- 



35000 
baghouse 



90 



stack emission tests scheduled July ,11974) 



FUGITIVE SOURCES 

(A) Dust emissions fro 

vehicular yard traffic 

(^) Dross disposal f\reA 
(uulk lift container) 

(C) Plant ventilation to 
atomosphere (minor) 



L 



Low level sources of 
local importance 

Emission rates indeterminate 

Effects to be estimated 

by area air quality monitoring 

soil stapling and vegetation 

surveys. 



Parking Area 



' Combustion Stack 



PRESTOLITE 
1352 DUFFERIN ST. 

EMISSION SOURCE 
LOCATIONS 




New 

Boghouse 

(Wheelabratar) x 

35,000 CFM / \Baghouse 

Dross disposal \ 35,000 d 

area 
Bulk lift container 



Drg N° 5142 



Figure 6.3.1-2 Prestolite - Emisson Source Locations 



6.3.3 Summary of Airb orne bead Levels in V trin ity of Prestolite Co. 

The locations of the sampling stations in vicinity of the Prestolite plant are shown 
in Figure 6.3.3-1 . The lead content of suspended particulate measurements are 
summarized in Table 6.3.3-1 and all lead in dustfall measurements obtained to 
date are given in Table 6. 3. .3-11 (-a) and (b). 

For data obtained up to February IU74, significant correlations were obtained for 
lead concentrations in suspended particulate matter obtained at Stations No. 31063 
and No. 31066 with hours of wind directions blowing from off plant property toward 
the sampling stations as indicated in Figures 6.3.3-2 and 6.3.3-3. During this 
period, the levels exceeded the 30-dny geometric mean of 2 ug/m^ with daily levels 
of lead frequently exceeding 5 ug/m^ at Station No. 31063 (200 feet from Prestolitc) . 
and twice exceeding" 15 ug/m^. At Station No. 31065 (800 feet from Prestolite) the 
exceeding of 5 ug/m^ was infrequent with the maximum concentrations exceeding 
13 ug/ni3. The 30-day geometric mean concentration over the period measured met 
Ontario's criterion at this location. Data for Station No. 31079, which was 
established in late April 1974, have met Ontario's criteria for the period measured. 



On March 22, 1974 the Prestolite plant was shut down during a strike and resumed 
operations on May 9, 1974. The lead levels met Ontario's criteria for both daily 
levels and monthly geometric means for all samples for March and April 1974. The 
strike has made it impossible to determine if the improvement in air quality was due 
to abatement actions of the source. Figures 6.3.3-4 and 6.3.3-5, which show the 
28- day and 7-day moving averages of lead at Station 31063 along with the frequency 
of wind from the direction of the plant to the sampling station, indicate some Lm- 



ui ovornent beginning before the strike began. However, an analysis of data 
obtained since the company began operations after the strike will determine 
whether the improved air quality will be sustained. 

At the nearest sampling station (31062) , levels of lead in dustfall continued to 
exceed Ontario's guideline of 0.30 ton per square mile per 30 days for the month 
of April, 1974, during which the company was on strike. This is possibly a 
reflection of the contamination of the soil in the area as well as wind blown dust 
from plant property . 



TABLE 6.3.3-1 



PRESTOLITE 



LEAD LEVELS IN SUSPENDED PARTICULATE MATTER 
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0. 


Loca tion 
Name 


Location 
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Hg/m3 


Maximum 
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Ug/m 3 


No. of Days 

Cone. 

>5 ug/m 3 
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>15 lig/m^ 
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Cone . 
>15 pg/m 3 


363 


226 Geary 
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to 
13/5/74 
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15 
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to 
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1.26 


13 


4 


3 








079 


L285 Dufferin 
St.' 


700 ft. SE 
of Prest. 
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31/5/74 
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1.43 
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TABLE 6. 5 .5-11 (a) 

LEAD IN DUSTFALL RESULTS - PRESTOLITE 
TONS PER SQUARE MILE PER MONTH 
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TABLE 6 .5.3- 1 1(b) 
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FIG. 6. 3. 3-2 
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6,3,4 Summary of Lead Levels in Soil and V eg etation in the Vicinity 
of Prestolite Lattery Ltd . , 1352 Dufferin St., Toronto 



The key conclusions of phytotoxicology assessment surveys conducted in the 
vicinity of Prestolite Battery Company in 197 2 and 1973 are: 



1) A survey conducted in September 1972 showed excessive 
levels of lead in vegetation at three locations immediately adjoining' 
Prestolite Battery. 

2) In July 1973, a survey was conducted to determine lead contents in 
vegetation at 10 locations in the vicinity of Prestolite Battery. Excessive 
levels of lead were detected in vegetation to a distance of 1000 feet west 
of the battery manufacturing area. 

3) In November 1973, an expanded soil and vegetation survey was 
carried out. Elevated lead levels were found in all foliage samples 
collected up to 600 feet north, south and cast, and up to 1000 feet west 
of the source. Lead values significantly higher than normal were found 
in surface and sub-surface soil collected up to 300 feet north and east, 
and up to 1000 feet west of the source. 



Descriptions of these surveys follow, which include sampling locations, analyses 
results and their interpretation. 



6.3.4.1 Phytotoxicology Assessment Survey for Lead in 

Vegetation - September 28, 1972 



Description of Investigation 

On September 28, 1972, a vegetation survey was conducted in the vicinity of 
Prestolite Battery Ltd. , a potential source of heavy metal emissions. Foliage 
samples were collected from Manitoba Maple trees at distances of (1) 100 feet 
south; (2) 100 feet east; and (3) 120 feet northwest of the company (Figure 1) 



\ control sample was collected in the Claireville Conservation Area, 7 miles 
northwest of Metro Toronto. The washed and not washed foliage samples were 
analyzed for total S, Cd, CI, Pb , V and Zn. 

Results of Chemical Analysis 

The results of the chemical analysis of Manitoba maple foliage are presented in 
Table 1. The lead content of foliage collected around the Prestolite Company 
was substantially higher than normal for urban vegetation , and much higher 
than in the rural control sample. The other metals were within normal limits 
for urban vegetation . 
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TABLE I . 

Heavy Ketal Content of Kaple Foliage, in PPM Dry Weights- 
September 28, 1972 



Location 


Cd 

NW 

. 


W 


Pb 
KW " 


w 


y 

NW 


W 


Zn 
NW " W 


Prestolite: 
100* S 
100* 2 
120* NW 


1.9 
1.8 
1.9 


1.7 
1.4 
1.2 


650 
410 
640 


360 
200 
310 


5 
6 
5 


4 
5 
4 


72 58 

73 53 
46 40 


Highway vegetation, 
Metro average: 


1.1 


1.0 


107 


64 


4 


3 


49 42 


Control : 


2.4 

— — -— 


1.6 


36 


30 


4 


4 


21 19 
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(1,3.4.2 Phytotoxiculogy Assessment Survey for Lead in 

Vegetation -July 2G, 1973 



Description of Investigation 

On July 26, 1973, vegetation was sampled at 10 locations in the vicinity of 
Prestolite Battery Limited. Samples of Norway and Manitoba Maple foliage 
were collected at various directions and distances from the source and 
analysed for lead. The results of these analyses are shown in Table 1. 

The lead content of maple foliage collected up to a distance of 1000 feet from the 
battery manufacturing area was substantially higher than normal for urban 
vegetation. Lead levels in foliage collected close to the source were similar 
to levels found in 1972. 



TABLE I - Lead Contents of Maple Foliage Collected in the 

Vicinity of Prestolite Co., Dufferin St., Toronto 

JULY 26, 1973 



Direction and Distance 
from Source 



T 



50 feet S 
3500 " S 



Pb Content, washed foliage 
parts per million dry weight 



350 
31 



150 feet E 

4000 " E 



112 
52 



200 feet W 

850 " W 

1000 " W 



320 
190 
101 



225 feet N 
1000 " N 
3000 " N 



250 
79 
48 



Metro Toronto average 



32 + 15 



6.3.4.3 Phytotox ieukm y Assessment Su rvey lor Lead i n Soil 

and Vegetation - November 7,1 973 



Description of Investigation 

On November 7, 1973, vegetation and soil samples were collected at 20 locations 
in the vicinity of Prestolite Batteries Ltd. Samples were collected at distances 
of 100, 300, 600, 1000 and 2000 feet, north, south, east and west of the battery 
plant. At most stations, samples were collected from tree and shrub foliage, 
grass, and soil at depths of 0-2 inches and 2-4 inches. At some locations, one 
or more of the vegetation species were not available for sampling; however, soil 
was collected from every sampling station except 600 feet south. Half of each 
vegetation sample was washed prior to chemical analysis and the remainder was 
analyzed unwashed. All lead analyses were conducted by atomic absorption 
spectroscopy . 

Results of Chemical Analysis 

1) Lead Content of Vegetation 

The results of the chemical analysis for lead content of tree and shrub foliage are 
given in Table 1A. Elevated lead levels were found in all foliage samples collected 
up to 1000 feet in all directions from the battery manufacturing area. Levels 
significantly higher than normal were found in samples collected up to 600 feet 
north, south and east, and up to 1000 feet west of the source. The correlation 
between lead content of foliage and distance from source was highly significant 
for both washed and not washed samples collected north, south and east of the 
source, but was not significant for samples collected to the west of Prestolite. 
In every direction , lead content decreased with increasing distance from the 
source, but this reduction was not as rapid to the west of the plant. 



i he results of the chemical analysis of grass samples are given in Table IB. 
. "he pattern of load contamination in grass was similar to that of tree and shrub 
oliage, with high lead levels found in samples collected up to 600 feet north and 
cast, and up to 1000 feet west of the source. Correlation between lead content in 
grass samples and increasing distance from the source was again statistically 
significant for samples collected north, south and east of the bnttery plant (Table 
1) . The vegetation samples contained reduced lead levels with increasing 
distance from the source, as shown in Figure 1. 

Figures 2 and 3 depict the zones of excessive levels of lead found in not washed 
and washed vegetation surrounding the Prcstolite plant. 

2) Lead Content of Soil 

Lead levels in soil samples collected in the vicinity of Prestolite are given in Table 
2. Lead values significantly higher than normal were found in surface and sub 
surface soil collected up to 300 feet north and east, and up to 1000 feet west and 
south of the source. The highest lead levels were found in soil in an unpaved 
parking lot west of the battery manufacturing area. Except for sub-surface soil 
collected to the east, the correlation between lean in surface and sub-surface soil 
and distance from Prestolite was statistically highly significant. 

The area surrounding Prestolite Battery in which soil samples contained higher 
than normal amounts of lead for an urban area extended from Bartlett Street on 
the east, Chandos Street on the north, St. Clarens Avenue on the west, to Lappin 
Street on the south (Figure 4). 
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G.3.5 Analysis Eltra o f Canada Limited - Prestolite Battery 
Division (Prestolite) 



a) Abatement Activities 

In the past C months, Prestolite have, under Ministry supervision, completed the 
major abatement measures required to reduce emissions from the battery manufacturing 
and assembly operations at the Dufferin Street Plant. Compliance will be checked by 
stack testing of the newly controlled and existing emission points in August, 1974. 

The installation of new control equipment on the grid and small parts casting pro- 
cesses is not yet completed and certain housekeeping and waste disposal problems 
still need attention to eliminate fugitive dust emissions. 

b) Suspended Lead Levels 

Suspended lead levels in the vicinity of the Prestolite plant from December, 1973 
to mid March, 1974, were frequently in excess of the proposed air quality criterion 
of 5 ug/m3/24 hours and also on occasion, the present criterion of 15 ug/m3/24 hours. 
Wind correlations implicated Prestolite as the major cause of these high levels. 

In Mid-March, a labor dispute stopped production at the plant for 65 weeks. During 
this time, suspended lead levels were much lower than measured prior to March, 
1973, and met Ontario's proposed criteria. 

The results of air sampling conducted since production resumed are not yet available 
and analysis of the situation will also be complicated by the abatement measures 
completed by the Company in the past 3 months . It is not likely that definitive 



statements regarding the success of abatement measures can be made before 
October, 1974. 

c) Lead in Dustfall 

The lead content of dustfall in the area of Prestolite was elevated during late 1973 
to early 1974 to distances of at least 800 feet from the plant. However, levels in 
excess of the suggested guideline for the lead in dustfall were only measured at 
200 feet from the plant and levels at 800 feet were slightly below the guideline. 

During the strike, levels at the close in station (200 feet) dropped by a factor of 
2-3, but still remained above the suggested guideline. This could be due to dust 
emissions from horizontal surfaces most probably from within the plant property. 

d) Lead In Soil 

The lead content of soil in the vicinity of Prestolite was found to be significantly 
higher than normal in both surface and subsurface soil at distances of 300 feet north 
and east and 1000 feet west of Prestolite. The highest lead concentrations in an 
employee parking lot were in excess of 2000 ppm dry weight with a maximum value 
of 17,000 ppm. 

The lead content of surface soil decreased in a statistically significant manner in all 
directions from Prestolite implicating the plant as the source of lead contamination . 
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emissions and will test the exhausts from control equipment in August to check 
on compliance with the Environmental Protection Act, 1971 . 

A few months more air quality data, supported by soil and vegetation surveys and 
emission compli r n<?e tests should enable a positive assessment of the degree of 
improvement in environmental lead levels to be made by October, 1974. 



,- 



fi. II Review of i'hmt Operatio n s - Tonol li 

'I he company manufactures aluminum , brass, bronze and lead ingots from scrap • 
using various metallu) ^icd furnaces. This report duals only with the pi. 
of lead . 

lor lead recovery, mixed scrap is used as raw materials. Whole batteries arc 
delivered and dumped on the yard ground to crack the casings. Further crushing 
is performed by a bulldozer running over the batteries and the mixed scrap is 
stored in a building. From storage, the mixed scrap is charged to a rotary battery 
crusher and dryer, and then to a series of screens to separate the paper, casings , 
lead plates and lugs. Water is used in the separation process and some of the lead 
oxide is carried in slurry to be separated by settling. The bulk lead scrap of grids 
and lugs are conveyed and stored inside a building. The cleaned crushed casings 
are belt-conveyed to bulk lift containers outside and ultimately disposed off site. 

The recovered lead plates and oxide are weighted into containers and are charged to 
one of three rotary furnaces. The melt from the furnaces flows directly into one of 
three kettles or to one of two reverberatory furnaces for further refining. Further 
alloying is performed in one of three additional kettles. 

The refined and alloyed lead is charged to one of four holding kettles, from which 
lead blocks are cast or alternately converted into ingots, using an automatic rotary 
casting machine. 



Emissions 



1) Rotary Battery Crusher - Certificate of Approval #73/4/381 July 19, 1973 
Lead Emissions 0.24 1b/hr. 
Sulphuric Acid Emissions - 0.02 1b/hr. 
Particulate (other than lead) not available 

2) Lead Refining - Certificate of Approval #91/4/366 September 23, 1971 
Baghouse for 2 reverberatory , 3 rotary and 6 kettle furnaces 

Lead Emissions - 1.26 1b/hr. 

Particulate - 0.54 lb/hr. 

Sulphur Dioxide - 15 lb/hr. 

3) Initial Battery Breaking 
Emission data not available 

Total Emissions (excluding fugitive emissions) 

Lead - 1.50 lb/hr. 

Particulate - 0.54 lb/hr. 

Sulphuric Acid - 0.02 lb/hr. 

Sulphur Dioxide ~ 15 lb/hr. 



6.4.2 Review of Abatement Activities - Tonolli 

Following surveys and recommendations by th^ Ministry of the Environment, 
the Company took the following actions to reduce emissions: 



1) Installed a baghouse and 60-foot-high stack to control the 
emissions from three rotary furnaces, six casting and refining 
kettles, and two reverberatory furnaces. 

2) Installed a new battery crusher and separatory to control 
emissions from the lead separating process and reduce emissions 
from subsequent lead melting furnaces. 

3) Improved housekeeping in handling lead dust from baghouse 
by the use of covered tote boxes . 

4) Improved housekeeping through sweeping and dampening of 
the yard . 
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emissions during ■ ritieul phase ol' operation. 

6) Modified exhaust hoods and ducts at the rotary furnaces 
to improve control of omissions and upgraded quality of filter 
fabric used in baghouse to improve efficiency . 

7) Installed an additional gas-fired burner to crusher dryer 
to reduce particulate. 

8) Purchased a vvct yard sweeper and increased sweeping 
frequency . 

9) Made the following modifications to yard operations: 

a) installed a 10- ft . -high concrete wall along 
open sections; 

b) relocated lead scrap storage piles; 

c) segregated traffic from storage areas; 

d) constructed enclosure around baghouse . 

10) Most recently , the following abatement measures were 
taken to further reduce lead emissions: 

a) an 18- ft. -high wall was installed at the 
battery breaking area, and a truck-unload ramp 
was installed to separate lead dust from truck 
tires; 

b) a door permanently closed in the lead dust 
storage and mixing building to reduce draft; 

c) two additional sections added to the 12- 
section baghouse, thereby improving collection 
efficiency . 

d) installed a wet scrubber on the battery crusher 
exhaust to control lead and sulphuric acid emissions. 



After installation of new felted bags in the main baghouse in August 1974, the 
Company will stack sample this baghouse and the scrubber on the battery 
crusher operation . 
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fj.4.3 J M-vi'-vv of 1 ' i _' • 

I | |( Compa ..■■ ■ .l.Ui.i- Hirer of led acid 1 : • 1 1 ■ ■ f ' • -. -h ■ 

-, oxide roj the battel u i produced in a Harding rotary li nr. ill , 

In » tec and kept in ■> constant elevated temperature by writer sprays I h« U-ad 
oxide is screened in :in eneli . ibrating rotary screen which is exhaui 

ide through n ! Hector. The lead oxide is then milled, conveyed to a 

lilling- area and filled into covered drums. The conveyors and filling operation 
are exhausted outside through a bag collector. 

In 1973, the Company had installed an additional new oxide manufacturing 
lacility complete with baghouses and si 

The ground lead oxide is mechanically mixed with sulphuric acid to form a paste. 
The paste is transported by portable In pper ' twt pas it in chines and applied 
to battery grids . 

The battery grids sire east in one of three casting nun hines. The molten lead and 
dross drun, parts of the machines a ■ hooded and cxhau ■ outside, and the 

grid casting parts are \ entilated by g> neral exhausi fans. (bids arc dried in one 
ol two gas-fired drying ovens which arc vented to outside. 



I- ./r wet charge batteries, the dried plates are separated and the lugs are buffed, 
separated, cleaned and scraped in various manually operated machines. 

All of the above equipment is provided with local exhaust ventilation to outside. 

The plates are stacked, with compressed paper spacers between the plates by 
two automatic stacking machines . The stacked plates are inspected . The 
stackers and inspection tables are provided with settling boxes and hoods which 
are vented to atmosphere.. Next, the plates are assembled by welding at two 
automatic element assembly machines or manually at six tables. The automatic 
assembly equipment is vented directly outside. The assembled cell elements are 
set in battery cases at the two automatic machines and at two setting tables . The 
tables are vented to atmosphere. The wet charge batteries are then filled with 
electrolyte and conveyed to the charging area for precharging and then given a 
final charge. The charging area is \ ented to Atmosphere, Sulphuric acid lor 
paste and electrolyte arc stored inside the plant building in two wooden tanks. 
The charged batteries are tested and placed on the shelves in the storage area. 

1 ■'or the dry- charge batteries, the dry pasted plates are charged by immersion 
in electrolyte in large open top tanks located in four forming rooms. The fumes 
from the charging tank area are vented to atmosphere. 

The charged plates fire washed with water in open top tanks and then dried in 
gas -fired ovens. Other than the combustion flue gases, these ovens are not 
vented to atmosphere. 



'1 he dried plates are th< .. s< | ed, stack* led at the same 

tables and machines used for the wet plates. The assembled batteries are tested 
and stored . 

Since August 30, 1972, (he Company has installed an additional new approved 
i manufacturing facility complete with 

Emissi ons 

There are 45 stacks and vents for this plant that may exhaust some quantity of 
lead or lead oxide fumes or particulate to atmosphere. 

The Automatic Element Assembly area, the major potential source of lead 
emissions, is controlled by fabric filters. 

In 1972 and 1973, some .stacks or representative pieces of equipment on which 
uo emission controls were installed, were tested. (See the attached Table 4 for 
it summary of results . ) 

Calculations based on the test results show that the aggregate emissions may 
result in concentrations in excess of the proposed standard of 10 ug/m^/SO days. 

C.4.4 Review of Abatement Activities E.S.B. 



1. An emission survey under Section 83 of the Act was conducted by the 

Ontario Ministry of the Environment during spring and summer 1972. The 
conclusions and recommendations of the Ministry were presented to the 
Company at a meeting on August 30, 1!372. As a result, the Company was 



required to take appropriate action to bring emission into complinnce with the 
Act and Regulations by August 31 , 1974 in a staged program . 

2. Since August 30, 1972, the Company has taken the following action: 

a) installed a battery plate lug cleaning machine with a bag 
filter for emission control. This replaced an existing un- 
controlled lug manufacturing operation and reuueed the overall 
lead emissions from the plant, 

b) modified ventilation of one plate breaking and lug cleaning 
table through the bag filter of the new machine. 

.-) conducted preliminary emission tests on a number of un- 
controlled process stacks (see attached Table 4) . 

d) installed a demister to control fumes of sulphuric acid 
from two battery plate forming rooms. Other plate forming room 
exhausts will be fitted with similar units, subject to results 
from the first unit . 

e) the old lead oxide manufacturing system will be served by 
a new stack , built for the new oxide manufacturing facility. 

installed a 20,000 scfm baghouse with a 50- foot high stack 

to control emissions from the Automatic Element Assembly, 
Winkle and Reed plate stackers, two hand plate stacking tables 
and one plate breaking table. The completion date was May 21 , 

1974. 

3. The Company have made a commitment to install control equipment on 
the following operations by September 1974: 

a) Winkle Pox Element A scmbly 

b) Paste Mixing 

c) ITrtc pasting and drying 
d^ Grii casting 

e) Small parts casting 

f) Intei-cell burning and post building 



TABLE 6.4-1 STACK TEST RESULTS 



METHOD 


DATE 


SOURCE 


LEAD EMISSION RATE 
(Ib/hr) 




1 


Dec/ 72 


Reed Stacker 


0.05 




2 


June 1/73 


Reed Stacker 


0.28* 




1 


Dec/72 


#1 Grid Cast 


0.13 




2 


May 29/73 


#1 Grid Cast 


0.01 




1 


Dec/72 


Ground Lead Oxide 


0.00 
0.00 




2 


May 25/73 


Ground Lead Oxide 


0.05* 




1 


Dec/72 


Winkel Stacker 


0.07 




c 


May 26/73 


Winkel Stacker 


0.16 




1 


Dec/ 72 


Auto-Element 

Assembly 


0.38 




2 


May 23/73 


Auto-El ement 
Assembly 


1.16 




1 


Dec/72 


#4 Grid Cast 


0.00 




2 


May 26/73 


H Grid Cast 


0.01 





Method 1 - Testing performed by W.J. Hetrick, Philadelphia, 
using Company's own test method 

Method 2 - Testing performed by J.G. Collinson, Mississauga, 
using AMB test method 
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Lhe Lead iii suspended patticuhJi nutili 1 measured :.t Slali' ti fo iff 0-1 € 
• ed< d the criterion of 1 5 ug/m-' over JO", of the dtej s - ..mi led and the 
criterion of a ug/rr.^ j7 ,. ol the days sampled. At Station No. 46041, the lead 
level exceeded 15 ug, r. ' foi 2r»'i and 5 ug/iti"' f>" t..f the daj s sampled, 
respectively. The maximum concentration of lead recorded at the two stations 
were 53 and GO ug/m' Stations No. 4G046 and 4G041 are located oil industrial 
pioperty with No. 4G04G on n rooi of a building neighbouring the Tonolli 
property, and N< l*41 or the root of the Guardla ut»e ut thi southeast entrance 

of the Tonolli plant and about 80H feet northwest of the l.S.li. plant. Correla- 
tion graphs shown in Figures 6. 4. 5 -2 find 6.4,5 3 indicate significant correla- 
tions of lead levels with wind directions from the Tonolli prop< rty with som< 
influence indicated with directions from the southeast, that, is from the E.S.B. 
plant. 

Suspended lead levels are lower at Station No. 46045 which is nearby the li.S.B. 
plant with concentrations exceeding lf> ug/rrr 1 2" of the days sampled, and 
5 ug/m 3 10o of the days sampled. The maximum concentration recorded at this 
location was 2ii ug/nr 1 . Suspended lead levels at this location correlate significantly 
with westerly winds which ai e (mm the direction of the Tonolli plant. (See 



,. . Ni MiU li M ill- .ill i'i':i. .nil .'II 

■ '<. , , No . ■'■>'■> l Al> . 

;. ,1 in 'a, ■ -.'.., <'!,■-:•• ■>'■ >,eideline j ; ons p •' square milt* 

i. ; ;-:y : :.iy- in the mdu&tri >i a. ea in ek.-;e proximity to the plants bul decrease 
• o aorinal urban )• : * i 1 [J Hi ton per square mile per 30 days in the 

11 sidential it 

Ai alysis cjJ tlw ■' ' disiribution Leli s at Kt"t»on 46041 in vicinity of the 

Tonolii plant irdicati? high percentage of lead in the larger size particl* s , 
especially for measurements obtained when the winds are from the direction 
of the 'on j'i plant. When the winds were from the direction of the E.S.H. 

' .!.' -md Id :• Road th - I - <n b -- : ivera significantly lower and the average 
size of the lead r nrtii 'es was also lower, For winds in the direction of either 

il- nl 'her. 1 wn^ n difference in si^t disiribution u'ith that obtained from only 
traffic ;'.',. rated lead me; wemonts v - indicated in Figure 6.4.S 5. 



TABLE 6.4.3-1 

TONOLLI AND E.S.B. PLANTS 
LEAD LEVELS IN SUsTEnT^D PARTICULATE MATTER 



Station 

No. 


Location 


Locat ion 

Do script ion 


Period 

Sarr.pled 


No. of 

Days Sampled 


Geotn. 
Mean 
Ug/m 3 


Maximum 
Cone. 
Ug/m 3 


No. of Days 
Cone . 

>5 Ug/.T, 3 


% of Days 
Cone. 

>5 Ug/TT? 


No. of Day 5 
Cone. 

>15 Ug/m 3 


% of L'i 
C( nc . 
>15 up 


46041 


2414 Dixie 
Road 


SE Corner of 

Tonolli 

800' NW of ESB 


4/10/73 

to 
30/ 3/ "4 


89 


7.49 


60 


SI 


57 


23 


25 


46045 


2365 Dixie 
Road 


600' East 

of Tonolli 
300' NW of ESB 


13/12 73 

to 
30/3/74 


100 


3.00 


20 


10 


10 


2 


1 
* 


4 6046 


2360 Dixie 

Road 

- - 


300' S of 
Tonolli 
1,100' W of ESB 


20/13/73 

to 
31/3/74 


103 


7.16 


53 


53 


53 


11 


11 



X 



1 9 7 2 



TABLE 6.4. 3- 11(a ) 
TOTAL LEAD IN DUSTFALl 
TONS PER SQUARE MILE PER MONTH 



-TAT I ON" 


LOCATION 


JAN. 


tcb. 


MAR. 


APR. 


MAY 


JUNE 


JULY 


AUG . 


SEPT, 


OCT. 


NOV. 

, — . 


DLC... "L . 


4 6.0 OS 


1329 Kendall 
Miss issau&.i 




.22 


.16 


,16 


.27 


.16 


.03 


.02 


.06 


.06 


, 

.21 


.11 I 1 .13 


16ilQ9 


Venta/Benise 




.16 


.30 


.23 


.16 

.04 


.16 


.07 


.02 


.06 


.20 


.03 


.13 


. 14 

1 


•UK'iO 


6 Dund ix Road 




.(19 


04 


.90 


.05 


.03 


.00 


.03 


.05 


1 . 04 


.01 


.21 


16011 


St. Edmunds PS. 




.26 


.21 


,24 


n 2 


.13 


.03 


.01 


.03 


.04 


.15 


.11 


I 
i 

i ■ K " 


■(■01ft 


136-1 Pundas St. E. 




.13 


.10 


.12 


.14 


.16 


.05 


.07 


.07 


.02 


.06 




.?'l .1 


i '- o : i 


Dixie Road 




1.52 


2.09 


1.79 


1.43 


2.14 


3.18 


.92 


1.69 


2. IT, 


2 . 09 


imifd 


i 

1 . K i 


1 


M80 Dundar, 
East rear 




.OS 


.04 


.14 


.07 


.15 


. C 9 


.03 


.03 


.04 


D i s c o n t 


i ,- . 



: 9 7 





TABLE b 


4 .3-1 L Cb) 




TOTAL LEAD 


IN DUSTFALL 


to: 


IS ?Y.R SOUAk! 


: MI Li. Ptilt MONTH 



STATION 


LOCATION 


JAN. 


I-'EB. 


MAR. 




APR. 


MAY 


juni: 


JULY 


AUG. 


SEPT. 


OCT. 


NOV . 


0LC.|^. 


■:: ■ ' -.J s 


13:9 Kendall 
Mi ss jssaup,a 


— — . — 

.US 


.IG 


.12 


,10 


.09 


.li 


.14 


.13 


.14 


n * 

• 4--1 


.16 


1 
.27 j; 


:■; 


4 5009 


Vcnta/Dcnise 


.OS 


.03 


.11 


.16 


.03 


. 36 


.35 


.19 


.10 


.57 


.52 


.16 
P 


.23 


4uG13 


6 Puniix R3."d 


. 02 


.09 


02 


.12 


.o- 


.07 


Msg. 


.03 


,2a 


.07 


. I' 7 


.04 j] 

li 


07 


SfrCll 


St. Ed.T.unJs ['3- 


Invalid 


.20 


.04 


.14 


.16 


.09 


.04 


.04 


.12 
i 


.14 


Invalid 


i! 

.15 !! 


14 


16016 


1364 Dur.ias St. E. 


.05 


.- S 


.04 


.00 


.40 


10 


.09 


.06 


\ 
.11 


.15 


.05 


.■66 


\ 


1 ! 


46041 


Dixie Road 


5. S3 


.SO 


.75 


1.18 


1.09 


1.63 


1.88 


2. 98 


1.03 


2,13 


2.11 


1.31 |:i 

. i, — 


;: 






TADLE 6. 4. 3 -11(0 
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T0TA 
TON'S PER 


L LEAD IN DUSTFALL 








JARE MILE PER MONTH 








— J "T 


r~. i 




LOCATION 


JAN. 


FEB. 


MAR . 

— f 


APR. 


MAI 


JUNE 


JULY 


■ I 


,. 


, I . 


i 

i 

I 


r 


1329 Kendall 


Invalid 


.19 


.17 


. 22 


.10 








| 


) 


Yentn/Donise 


Invalid 


.39 


.12 


.3- 


— ■ 






.. . 


- - - 


___! _ 




6 Dundix Road 


.01 


.06 


. 01 




.04 










1 1 


St.. IldiTiunds PS. 


___ , 

.20 


.11 


.08 


Inva Lid 


T. rival id 

— 













r ^_. _ 




13G4 Dundas St. E. 


.07 


.07 


.07 


.0 


.12 








, _ — . ~*— 


_ _ - , 


■ i 
i 


Dixie Road 


.35 


.98 


1 .20 


2.32 


1.30 


. 




J 




i 




2365 Dixie Road 


.20 


.63 






1.72 
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FIG. 6.4.3-1 TONOLLI SURVEY - HIGHVOL AND DUSTFALL STATIONS 



FIG. 6.4. 3-2 
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6.4.6 Summary of Lend Levels in Soil and Veget : >J ion in the Vicinity 

of Tonolli Co. of Canada Ltd. (2414 I'it xie Kd . ) and ESB 
Canada Ltd. (2301 Dixie Hd.). Mississauga 



The key conclusions of phytotoxicology assessment surveys conducted in the 
vicinity of Tonolli and ESB in 1970, 1971, 1972 and 1973 are: 



1 . On August 14, 1970, vegetation and soil were collected for 

lead chemical analysis st distances of 1000, 2000 and 3000 feet in 
each of four directions from the intersection of Tonolli and Dixie 
Roads, Mississauga. At this intersection, soil and vegetation were 
found to contain extremely high levels of lead (over 5000 and 2000 
ppm, based on dry weight, respectively) . Elevated levels of lead 
were found at distances of 1000 feet north, west, and east of the 
intersection . 

2. The 1970 survey was repeated on July 8, 1971 . Extremely high 
levels of lead were found in both soil and vegetation in 1971 at the 
same locations as were detected in 1970. 

3. Since lead arsenate had been used by apple tree growers in the 
general area of Tonolli and FSB, the results for both lead and arsenic 
in soil and vegetation were closely examined. It was found that lead 
arsenate usage had little effect in the area and that both lead and arsenic 
contamination of soil and vegetation in the vicinity of Tonolli and Dixie 
Road were the result of industrial operations. 

4. The phytotoxicology assessment survey in the vicinity of Tonolli 
and ESB was repeated on August 29, 1972. The results showed an 
increase^ in both lead and arsenic contamination of soil and vegetation 
within a 1000 foot arc of the Tonolli and Dixie Road intersection. 

5. On August 30, 1973, the soil and vegetation lead survey in the 
vicinity of Tonolli and ESB was continued. A decrease in lead con 
tamination was detected in 1973. Although a greater degree of lead 
contamination was found to occur immediately adjacent to Tonolli, the 
influence from ESB is significant because of the high, r density of 
residential properties occurring immediately south and east of ESB. 



Descriptions of these surveys follow, which include sampling locations, 
analyses results and their interpretation . 



C, . 4 . fi . 1 Phytotoxicology Assessment Survey for Lead in Soil ;md 

Vegetation - August 14, 1!)7Q 



Description of Investigation 

The survey consisted of examining vegetation and collecting soil and vegetation 
samples for chemical analysis at distances of 1000, 2000 and 3000 feet on each of 
four directions - west, north, east, and south from the intersection of Tonolli 
And Dixie Roads. Mississaugn , in the vicinity of Tonolli and FSH. In addition, 
fruit and vegetable growing areas within this 3000-foot arc were examined. 
(See attached Figure.) 

Station was established at the intersection of Dixie Road and Tonolli Road , 
immediately south of the Tonolli Company of Canada. Soil was sampled at three 
different levels at each sampling station . These levels were the surface inch, the 
1-4 inch layer, and the 7-9 inch layer. Crass samples were collected also at each 
station. Table 1 shows the results for lead contents in soil and grass at the 
established sampling stations. 

At St; tion 0, vegetation and soil contained extremely high concentrations of lead. 
The top soil contained over 25 times the concentration normally found in soil. The 
grass samples had extremely high levels of lead also and contained over nine tin » s 
more lend in unwashed samples than in washed samples. In the soil, 5200 ppm lead 

found in the surface inch. 580 ppm in the 1-4 inch layer, and 180 ppm in the 
7-0 inch layer. These values demonstrate the low solubility and immobility of 
lead . 



Lk'viik'd concentrations of lead were found in the ■ in laci s< LI • i distances of 1000 
feet north, west, and east of Station 0. Lead contents in grass were somewhat 
e-1* vated at these sampling stations. 

Samples of soil, beet roots, and lettuce leaves were collected from a vegetable 
growing area north of 1 onolli for chemical analysis. The results of these analyse.-. 
arc shown in Table 2. The concentrations of lead in the cultivated soil were normal, 
' ' concentrations ot lead within the beet roots were within safe limns. The 
unwashed leaves of lettuce had concentrations of 19 to 22 ppm lead (based on dry 
weight) , whereas washed leaves ranged from 6 to 12 ppm . These values 
demonstrate that the contamination of the vegetables by aerial deposition of lead 
compounds was mostly in the nature of a topical dust coating of which about 50 
por cent could be removed by water washing. 
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FIG. I - VEGETATION AND SOIL SAMPLING LOCATIONS, MISSISSAUGA - 1970 
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RESULTS OF CHEMICAL ANALYSES FOR LE£ IN COIL ANE CFWSS 
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TABLE ? 

Rt SUITS OP CHtN'ICAL ANALYSIS FOR LEAD IN SOIL AND VEGETABLES 
MISSISSAUOA AREA AUGUST 14, 1970. 



VEGETABLE 
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of Canada 
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1 >■.' -cri ption of lnv ^ti^;;!ion 

A further Investigation was conducted on July 8, 1971 in the vicinity of Tonolli 
Company of Canada Ltd. , and ESB Canada Ltd. for the effects of lead emissions 
on soil and vegetation. Similar to the 1970 survey, collections were made at 
1000, 2000 and 3000 feet in each of four directions - west, north, east, and south 
from the intersection of Tonolli and Dixie Roads, Mississauga . In addition, apple 
fruit and vegetables were sampled within this 3000 foot arc. 

The results of the chemical analyses for lead in grass and soil are shown in Table 
1. At Station 0, at the intersection of Tonolli and Dixie Roads, extremely high 
concentrations of lead were found in the soil and grass. The soil contained up to 
25 times the concentration of lead normally found in soil. In addition, foliage 
collected from white ash and Austrian pine trees at this location contained lead 
concentrations ranging from 1080 to 8000 ppm. Normal concentrations are usually 
less than 15 ppm . 

High levels of lead were found also in soil and grass at Station 1W, 1000 feet 
wf st of Station and about 700 feet wast of the Tonolli stack . 

Vegetables collected near Stations IN and 2N showed elevated lead levels in 
leaf lettuce. Cauliflower leaves and beet roots did not contain excess amounts 
of lead; however, washed leaf lettuce contained 34 ppm lead at Station IN and 
30 ppm lead at Station 2N , based on dry weight. 



Apple fruit contained low levels of load at all stations where it was .sampled 
despite elevated concentrations of lead found in appletree foliage (Table 2) , 
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RESULTS OF CHEMICAL ANALYSES FOR LEAD 
IN LEAVES AND FRUIT OF APPLE TREES 



MISSISSAUGA AREA 



JULY 8, 1971 
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The following report v af- prepat eo in reply to "In- qi;< lion which had ari 

i 'ruing the u» ol lead ;u't.<nat< by apple grov.ei in tin vi 'inity of Toriolli 
undLSLJ, Riississauga , and its contribution to the lead contamination detected 
in soi 1 and vegetation in the vicinity ni the industries in 1970 and ltlTl . 

L'NnJ Arsenate 

Acid type lead arsenate (I'b II AsO^> is marketed as a wet table powder (100% 
active ingredient) and is one of the chemicals recommended by the Ministry of 
Agriculture and Food for apple maggot insect control in apple orchards. It 
should be applied twice during the development of the fruit. The first applica- 
tion should take place during the first week of July . with the second not loti v 

■July 20. At each application, 2.5 pounds of lead arsenate are mixed with 
100 gallons of water. Approximately 400 gallons of this material are applied to 

icre of 20 foot-high apple trees (less spray volume for smaller trees) . 
Thus, approximately 10 pounds of lead arsenate (6.9 pounds of lead and 2.2 
pounds of arsenic) are applied per acre at each application. The spray solution 
of lead arsenate (2.5 pounds per 100 gallons water) is equivalent to 1490 pprn 
|o>el nnd 540 ppm arsenic. A basic type of lead arsenate. Ph. U'bOIl) (AsO^>3 
is also available for insoctieidal use in apple orchards. This material is safer 
to succulent foliage as the basic nature averts tho formation of arsenic acid 
(H3ASO4), a phytotoxic compound that results from thf reaction of the acidic 
lead arsenate and water. Despite the lowered phytotoxicity . this material is 
infrequently used by apple growers. In order to avoid exceeding the 2.0 ppi 



>in 



i-nic tolerance for apple fruit established by the Canada Department of 
National Health and Welfare, lead arsenate should not be applied within 45 days 
of apple harvest. Although lead arsenate is one of the recommended insecticides 
for the control of apple maggots, it is not the most widely used. Organo- 
phosphorus compounds such as azinphos -methyl (Guthion) and Imidan (no common 
name) have generally replaced lead arsenate in the spraying schedule as they are 
usually more effective and provide a wider spectrum of insect control. The owner 
of a farm supply store in the vicinity of Dixie Road and Dundas Street West stated 
that he had sold only about 10 cases of lead arsenate in 1971 . As one case weighs 
48 pounds, approximately 500 pounds of lead arsenate, enough for 25 acres, was 
distributed. The owner said that the lead arsenate sales were to older farmers 
with small orchards. 

Lead Analyses Results 

The chemical analyses results for load in soil and forage (grass) collected in the 
vicinity of Tonolli and ESB , Mississnuga, on August 14, 1970 and July 8, 1971, 
wire given in Sections 6.4.6. I and 0.4 f>.2. The lead content of the foliage and 
fruit of apple trees sampled in the vicinity of the industries in 1970 and 1971 are 
shown in Tablf 1 . 

The lead content of apple leaves collected from orchards and isolated backyard 
trees in the vicinity of Tonolli and Dixie Roads in 1970 and 1971 was notably 
higher than the lend content of the corresponding grass samples. This phenom- 
onon is probably related to the densply pubescent nature of the apple leaves 
which would have a greater tendency to accumulate and retain lead particles. 
Irs both years the lead content of all apple leaf samples decreased with increasing 



,'j ...... ,,- riJ , .-;. :>;{. . : . ; .'■ :n * r. ■■ .., .....ples from uld 

nun- productive orehaiJs located m-;<r the jt:du«ltl< ■■■ eorihi -tently displayed 
higher lead contamination :iia» insecticide- treated productive orchards 
located farther away , 

In one ease, apple leal samples were collected from two locations (1000 feet south 
and 2000 feet .south) in the same productive orchard . Despite the fact that these 
trees would probably have received the same chemical treatment, the lead content 
of the leaves collected nearest the industries was 2.3 and 1 .3 times higher in 1970 
and 1971 respectively, than the corresponding samples collected 2000 feet south. 

Arsenic Analyses Results 

The chemical analyses results for arsenic in soil and forage (grass) collected in 
the vicinity of the battery manufacturing and lead recovery industries on August 
14, 1970 and July 8, 1971 are shown in 'tables 2 and 3, respectively. The 
a! enic content of the foliage and fruit of apple trees samples in the vicinity of 
thr industries in 1970 and 1971 is shown in Table 4. 

Elevated arsenic levels were detected in grass samples collected at the inter- 
section of Tonclli and Dixie Roads in 1970 and 1971. Grass samples collected at 
all other locations in 1970 contained less than 1 ppm arsenic. In 1971, with two 
exceptions, the grass samples collected at locations other than Station contained 
2 ppm arsenic or less. The exceptions were at 1000 feet west and 2000 feet east. 
The elevated arsenic level detected in grass ItlOfl feet west of the intersection 
coincided with high lead levels in the soil and grass. This grass was collected 



Irani a backyard in a residential urea, and could have been treated with an 
organic arsenical for erabgrass weed control. 

Soil samples collected in 1970 and 1971 contained levels of arsenic that ranged 
from 0.5 - 35.8 ppm and 1.6 - 45.2 ppm , respectively. There was no apparent 
relationship between the levels of ursenic in the soil and the sampling distance 
from the intersection of Tonolli and Dixie Roads . In both years , the highest soil 
arsenic levels were obtained 2000 feet west of the intersection, in a small, non- 
productive old orchard. The arsenic detected in the soil at this location is 
probably of o residual nature as a result of the excessive use of lead arsenate in 
the past. In 1947, farmers were advised to apply approximately 120 pounds of 
lead arsenate per acre per year. 

The arsenic content of apple leaf samples collected in 1970 and 1971 was slightly 
higher than the respective grass samples. As was the case with lead, the arsenic 
content of the apple leaf samples decreased with distance from the intersection of 
Tonolli and Dixie Roads. In no cose, in either 1970 or 1971 did the arsenic content 
of the apple fruit exceed the 2.0 ppm arsenic tolerance level. The lead arsenic 
ratio of the apple leaf samples ranged from 66: 1 to 516: 1 in 1970 and from 22: 1 to 
102: 1 in 1971 . These ratios are far in excess of the 3: 1 ratio that would have 
resulted from the analysis of leaves sprayed with lead arsenate. 

It can be concluded thai the usage of lead arsenate as a control for insects in 
apple orchards had little effect in the area and that both lead and arsenic con 
tamination of soil and vegetation in the vicinity of Tonolli and Dixie Roads were 
the result of industrial operations. 
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P£SULTS_ 0/ CHEMt CAIMAN ALYSES FOR LEAD IN LlA_VE_S_ ANC FRUM Of 

MISSISSAUGA AREA AUGUST 14. 1970 JULY R, !•'' 
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TABLE 5 

RESULTS OF CHEMICAL ANALYSES FOR A_RSLNIC IN LEAVES AND FRUIT Jf APPLE TREES 
MISS1SSAUGA AREA AUGUST 14. 1970 JULY 8, 1971 
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■riptlQTi ul li,\ ■ :-*ii;a|i' r. 

On August 29, 1972, the vegetation and soil surveillance investigation was 
eontinued in the vicinity of the Tonolli and F.SU plants, Mississauga . In order 
to more clearly define the areas of lead contamination with respect to emissions 

n the two sources, additional sampling stations were established in close 
proximity to FSR, at distances of 5 and 400 feet northeast. 



Lead 



Extremely high levels of lead were detected in the 1972 samples of soil and grass 
collected at the intersection of Tonolli and Dixie Roads, High levels of lead also 
were detected in the grass and soil up to 1000 feet to the east and west of the 
intersection of Tonolli and Dixie Roads. There appears to have been a gradual 
i/luvation in the levels of lead occurring within the 1000-foot arc of the area 
under surveillance . 

The lead analyses results for the two additional stations established to the 
northeast of ESB are shown in Table 1 . These results indicate that the ESB 
plant has contributed to the overall lead problem in this area. 

Arsenic 

High levels of arsenic were detected in the 1972 samples of grass and surface 
soil at the intersection of Tonolli and Dixie Roads (Station 0) . Considerably 



lower but nevertheless elevated levels of arsenic were detected also in the 
surface soil and grass 1000 feet west of Station 0. Normal and variable levels 
of arsenic were detected in grass and soil at all other sampling locations. A 
comparison of the data for three consecutive years on arsenic levels of grass 
and surface soil at station and 1000 feet west indicates that there has been a 
gradual increase in the severity of the arsenic contamination in this area. 

As was the case with lead, the grass and soil collected immediately northeast 
of the ESB plant were found to be affected by arsenic emissions (Table 1) . 

Apple Analyses Results 

Levels of lead and arsenic detected in apple leaves collected from commercial 
and non-productive orchards and from backyard trees during the 3 years 
(1970-1972) are shown in Table 2. With two exceptions, the 1972 analyses 
results followed the same general pattern as was evident in 1970 and 1971 . The 
two exceptions to the 3-year trend of similar chemical levels within the apple 
foliage occurred at locations 1000 and 2000 feet south. Levels of lead and arsenic 
within the foliage of apple trees in the commercially productive orchard increased 
greatly compared to 1971. As the ratio of lead to arsenic in these samples changed 
from approximately 30: 1 in 1971 to about 4: 1 in 1972, it appeared that the trees 
had been sprayed with the insecticide lead arsenate (lead: arsenic ratio of 3: 1) . 
This was later confirmed in correspondence with the orchard operator. Further 
evidence of the lead arsenate application at this location was apparent from a 
comparison of the lead and arsenic levels for the two samples collected at the 
1000-foot south location (Table 2). One sample was taken from a healthy 
productive tree in the sprayed portion of the orchard whereas the other was 
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As a result of the elevated levels of lead that were detected in leal" lettuce collected 
in the vegetable-growing area 1600 feet north of Tonolli in 1971 . an in-depth 
lettuce sampling survey was conducted in 1972. The results of the four collection 
dates are shown in Table S . Safe levels of lead below the Health Protection 
Bronch's limit of 2 ppm in vegetables were detected in all samples which were 
analysed on an "as consumed, fresh weight basis" . 



TABLE 1 



1 77 Levels of Lead and Arsenic 
in r,ras? and Ten Inch of Soi I 
near E.S.B., Missi ssauna 



L oc at ion 

b feet East 
of E5B fence 


--, 

Lead (pnm) 


rass 

Arsenic (ppm) 

7.3 


Ton 1 nch 

Lead Cnnm) 
, . -. j 

2700 


of Soi 1 
Arsenic (ppm' 

34.0 


400 feet East 
of ESB fence 
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TABLE 3 

LEVELS OF LEAD IN LEAF LETTUCE COLLECTED 
1600 FEET NORTH OF THE TONOLLI PLANT, MISSISSAUGA 

1972 > 



Date of Collection 


Lead Content - ppm (washed) 


Dry Weight 


Fresh Weight 


June 14, 1972 
July 18, 1972 
August 1, 1972 
September 21, 1972 


6 

13 
10 
10 


0.5 

1.5 
1.0 
1.9 
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On August .}(>, l:''io. the assessment survey for the degree and ext< nt of lead 
contamination in the vicinity of Tonolli and ISIS, Missistaue.?- was continued, 
similar to the ■ urveys conducted ir. 1970, l'JTl and 1!*',':'. Addition;.! sampling 
i as ;onducleJ on November W l*. : 7i lo further differentiate the effects of 
(Missions from the two soui'Ci ■ 

Lead Analyses hi-ults 

fiie load analy ,es tor forage (grass) and the top inch of soil collected on the font- 
radii during the period 197D to 1073 are shown in Tables 1 and 2. The results of 
sampling which was conducted in the immediate vicinity of I'.SB during 1972 and 

1073 are shown in Table 3. Table 1 contains the results of the November i 1 , 197;i 
■ dditional sampling 

n the b is ot DiL 10' : results, Lsopioths of excessive lead contamination of 
gelation (100 ppm in not washed foliage and 7ft ppm in washed foliage) and of 
surface soil (GOO ppm) have been drawn (Figures I, 2 and 3). Shown also on 
these maps are the respective isopleths of extreme lead contamination (10UU ppm 
icud io vegetation no 10,000 ppm lead in soil). The locations of these extreme 
lead containi nation, Sou'oths on each map show thai the '! onolti plant is the major 
source of lead emission -.. in the area. 



Approximately 150 residential properties lie within the area affected by excessive 
lead levels in vegetation. Approximately 10 of these properties are located in an 
area of extreme lead contamination of both soil and vegetation. It should be noted 
that, although the Tonolli plant is the major source of lead emissions in the area, 
the emissions from the ESK plant appear to have an effect on a greater number of 
residential properties . This is due to the proximity of the residential development 
located to the south and east of ESB . Land usage in the vicinity of the Tonolli 
plant consists primarily of commercial and undeveloped sites with only a few 
isolated residential dwellings. 
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Levels of Lead in Fori'! ( ;rass) 
Collected in tno Vicinity of the Tonolli m-J 

; i ■; s i ■•' i i=i-* 1 J 7 



j tat ion 


Distance and ; 


Description 


Total Lead 


Content 


" 


number" 


Direction 


of Sampling Area 


(Was 


Par:-, Per Mi ! lion 
hed,Dry Weight Basis ) 




1970 


1971 


1972 


1571 





Tonolli Road 


industrial lawn 


227 


1840 


2103 


1800 

< 


1 N 


* 

1003' N 


farm fence row 


27 


11 


28 


17 


2 N 


zooo'n 


undeveloped land 


5 


13 


24 


9 


3 N 


3000' N 


edge of ravine 


4 


7 


.. 


-- 


1 w 


1000'W 


railway right of way 


12 


140 


640 


170 


2 W 


2000' M 


undeveloped land 


3 


17 


20 


14 


3 W 


300D'W 


residential area 


12 


15 


8 


12 


1 E 


1000' E 


industrial property 


19 


31 


140 


135 


2 t 


2000' I 


residential area 


7 


51 


96 


48 


3 £ 


3030 'E 


residential area 


13 


23 


23 


79 


1 S 


1000' s 


undeveloped land 


(J 


59 


72 


57 


2 b 


2000 'S 


residential -orchard 


4 


11 


12 


74 


3 S 


3000' S 


residential area 


2 


4 


14 


35 



TABU_2 

Levels of Lead in the Top Inch of Soil 
Collected in the Vicinity of the Tonolli and ESlS Plants, 

;iississauqa,1970 - 1973 



Station 


1 
Distance and 


Description 




Total Lc& 


d Content 




Number 


Direction 


of Sampling Area 

! 


{parts 


per million dry weight) 




1970 


1971 


1972 


1973 


U 


Tonolli Road 


industrial lawn 


5200 


3050 


11000 


11250 


1 N 


1000* N 


farm fence row 


612 


35 


130 


100 


2 N 


2000 'N 


undeveloped land 


140 


107 


160 


155 


3 N 


3000 'N 


edge of ravine 


59 


35 


- 


- 


1 W 


1000 'W 


railway right of way 


450 


550 


3800 


1500 


2 W 


2000* W 


undeveloped land 


194 


194 


250 


225 


3 W 


3000' W 


residential area 


283 


40 


180 


220 


1 E 


1000' E 


industrial property 


340 


196 


1100 


710 


2 E 


2000' E 


residential area 


105 


58 


400 


510 


3 E 


3000' E 


residential area 


216 


180 


35 


200 


1 S 


1000' S 


undeveloped land 


136 


55 


170 


65 


2 S 


2000' S 


residential -orchard 


53 


107 


110 


105 


3 S 


3000' S 


residential area 


81 


77 


80 


130 
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TA tiLE 4 

LEVELS OF LEAD Hi VEGETATION, FORAGE AND SURFACE SOIL 
COLLECTED I'l THE VICINITY OF THE TONOLLI ANu ESB PLANTS, 
MISSISSAUGA, NOVE, TuCR 9, 1973. 



Sampl inq 
Station 



1 



description of 

Sample Area 



2 
3 
4 

5 
6 
1 



j 
10 

li 

12 
13 



Lead Content n,%i - \}ry Joi 'pit 



2430 Jixie Rd. - residential 
property border inq Tonolli plant 

.IE edqe of Tonolli property 

S side of Tonolli Rd . - 600'S 

Vacant property - 800' SVJ of Tonolli 

Vacant property - 1200 'S'J of Tonolli ] 

i 
Vacant property - 1300' WSW of Tonolli 

2420 Jixie Rd. - residential property 
between Tonolli and ESB 



Washed 
Veqetation 

' 26y 



Watson - Orchard jr. 
area W of Uixie Rd. 



residential 



2107 Cortland Or. - residential 
area W of Jixie Rd. 



1371 Safeway Cres. 
E of Dixie Rd. 



residential area 



2363 Jenise Rd. residential area 
E of Uixie Rd. (400'SE of ESB) 

vacant area off Caterpillar Rd. 

industrial park - 1500'iiW of Tonolli 



979, 384 
53 



5b 



35 

453 



Washed 
Foraqe 



737 



SO 
23 
36 

02 
205 



47 
15 



Surface 

Soil 

10,300 



10,200 
478 
233 
320 
163 
978 

193 

163 

153 

1560 

348 

88 
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FIG I - ISOPLETHC OF LE*D CONTAMINATION (IN ppm) OF UNWASHED 
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FIG 2- ISOPLETHS OF LEAD CONTAMINATION (IN ppm) OF WASHED 
VEGETATION, MJSStSSAUGA - 1973 
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HG 3 - ISOPLETHS Of LEAD CONTAMINATION UN ppm) OF SURFACE 



fi . 4 . 7 Tonolli and Electric Storage Battery of Canada Analysis 

a) Abatement Activities - Tonolli Company of Canada 

The Tonolli Company hove made improvements to their secondary lead recovery 
operations in the past two years , including modifications to the baghouse to 
improve control of fumes from the smelting and refining furnaces , new controls 
on the battery crusher/separator and significant improvements in housekeeping 
and separation of vehicular traffic. 

Used batteries are still broken by bulldozer in a walled-off area of the yard and 
battery scrap transported to an enclosed building by front end loader. In the 
past problems have occurred during the removal and handling of collected lead 
dust from the baghouse but now an enclosure has been erected and more care 
is being taken. 

It is anticipated that further actions will be required of the Company to reduce 
emissions from materials , handling and scrap processing operations to meet 
criteria (see Sections 6.4.5 c,g,d and e) . 

b) Abatement Activities - ESB of Canada Limited 

Since the Company embarked on a major abatement program under Ministry 
supervision in late 1972, many significant improvements have been made to 
control emissions of lead from the battery manufacturing operations. 
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based on experience- with similar buttery plants it is anticipated thai these 

! ■,-■ i !,• . ■ : ,:. '.-.ill prow cifectivc in rcdueii tons to meel desii 

ambient acceptable ail levels. 

c:J Susp end ed Lead in tin- Vuiiut\ of 'lonolli and I'M- 

The air quality samplers close to the Tonolli plant have recorded extremely 
high levels of suspended lead with both the proposed and existing air quality 
criteria being exceeded a large part of the time. Correlations indicate that 
the highest readings occur with winds from the Tonolli plant with a small 
elevation with winds from ESB and Dixie Road. 

1 he air sampler neai lh" KSB plant has recorded much low< v levels of ie 
[i irticuiuj ly in recent months but the air quality criteria are still In ing 

■xceeded. Wind correlations with lead levels now implicate Tonolli as the 
r uirs soun 

The lead particle size distribution near- Tonolli shows thai more of the 
particles are in the large size range with a mass median equivalent aero- 
dynamic diameter as great as 50^jm occurring with winds from the direction 
of the Tonolli plant. Particles oi this size would suggest fugitive emissions 
the main soure< ..h lead levels ;.t Tonolli. 



cl) Lfad in D ustfall 

2 
I "ad in dustfall is elevated above the suggested guideline of 0.3 tons /mile / 30 

days and is particularly high close to Tonolli. Elevated levels are mainly in the 

:ii-lustiidl area and levels in the residential area to the south of the plant are 

more typical of an urban area . 

Lead in Soil 

During the period 1970-1973 samples of soil taken in the area continued to show 
excessive levels of lead in an elliptical area 1000 feet east-west and 600 feet 
north-south surrounding the Tonolli and ESB plants. The most severe area of 
soil contamination is adjacent to the Tonolli plant with levels in excess of 
10,000 ppm found within 300 feet of the plant. Over 40 residences are situated 
in an area where the soil is contaminated above the guideline of 600 ppm . 

f) Lfcad Contamination of Vegetation 

injj the ysars 1970 - 1973, surveys of the lead contamination of vegetation 
m the area showed continuing excessive contamination in an elliptical area of 
2000 feet wide in the east-west direction and 800 feet in the north-south 
direction surrounding the Tonolli and ESB plants . The most severe area of 
vogetation contamination is adjacent to the Tonolli plant with levels in excess 
of 1000 ppm found within 500 feet of the plant. 
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i in- combined <■:!' ■■! ' ■ ■ - .1:. n.- 1 tin ! rmf.'Ui Com par;, of < ; k.';\ .; ; j:d the 
I.Jeftrie tr>U>rag< lii.it'vi j l ■ >" ■ [■ •• '• i;c he>n tw eau.si lead < tint an Hh.tH-n of 
■ ill oil ird vi potation in t f . • vicinity < I the plant*. 

The data collected by tin Ministry of the l.nvironncnt indicate that crnir.sions 
from the Tonoili Company jre h> far the major contributor to this contamina- 
tion . 

Tonoili has taken ant' i:- continuing to tnko measures to abate emissions but 
tr-.. monitoring d tia •■ ::i ti show any significant improver ent in contamination 
■ f soil unci vegetation ince 107(i und air quality data show tluit suspended 
• id levels with winda from the direction of the Tonoili plant have nol decreased 
; ince late 107 .'J . The high suspended loud levels are associated with large 
particles probablj frorn fugitive sources. 

The assessment of the degree of contamination due to LSB, is complicated due 
to the overriding influence of Tonoili, It is possible to say that between 1970 
and 1971 there was no large change in the degree of vegetation contamination 
near h'Sl) but air quality monitoring data <'.o indicate a recent improvement in 
lend levels measured al the : ampler?; under conditions (hat winds are 
predominantly from the .tiroetion oi K£H. 



The operations of Tonolli apparently require further control to limit fugitive 
dust emissions from the property . 
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:\ map ol t!ic control ;.r*'. i f-hoviiitj; tin: let ation i.i' tlu sunipliii^ htations is 
^Iviii in 1 igure i..."i.l i The control urea vvat> chosi-n to include expressways 
.: other traffic ■•irtrrie., ivhith ;ii'«. similarly in the areas of the lend smelters, 
I'ln icsults of thr measurements of lead in suspended paniculate matter and 
dustifill are H' v *'f' in Tables 6,5.1-3 and 6.5. 1— 11 . It may be noted that 
Ontario's criteria lor lead are not exceeded in the control area. The area is 
about one mile awe^ from Canada Metal. 1 he maximum concentrations of lead 
in suspended particulate matter are up to 4 ug/rrr, which indicates the effects 
of the traffic on the expressways as well as possibly the transport from as far 
away as Canada Metal. 
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CONTROL AREA 
LEAD LEVELS IN SUSPENDED PARTICULATE 


MATTER 








■ • ion 
No . 


Location 

Name 


Location 
Description 


Period 

Sampled 


No . of 
Days Sampled 


Geom. j Maximum 
Mean • Cone. 

Ug/m 3 | pg/m 3 


No. of Days 

Cone. 

>5 ug/ra 3 


% of Days 
Cone. 
>5 ug/m 3 


No. of Day s 
Cone . 

>15 ug/m 3 


1 or Days 

Cone . 
>1S ug/m 3 


S.J 


138 Hamilton 
Ave. 


Toronto Works 

Dept. 


22/1/74 

to 
30/4/74 


67 


1.18 


3 
















701 Gerrard 
St. East 


Eastdale Voc. 
School 


22/1/74 

to 
31/S/74 


93 


0.87 


4 














. ? : 


65 Saulter 
St. 


Commercial 
Bldg. 


27/1/74 

to 
30/4/74 


50 


1.02 


4 






....... 






TABLE 6,5.1-11 



CONTROL AREA 



TOTAL LEAD IN DUST FALL 



19 7 4 



TONS PEP: SQL' '.RE MILE PER MONTH 



■ 


LOCATION 
, . . _ 


JAN. 


1 
FEB. 


MAR, 


1 AFF . 

1 


MATf 


JUNE 


JULY 


AUG. 


SEPT. 


r 

i 




■J 


138 Hani 1 tan St. 




.07 


.09 


.OS 


.16 










i 
1 






701 Cerrard St. 




.04 


Invalid 


.03 


.05 








-:', 


65 Saulter St. 


i 


.05 


.04 


.04 


. . ._ 
.03 [ 
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FIGURE 6.5.1-1 - LOCATION OF AIR MONITORING STATIONS 

IN THE CONTROL AREA 
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The: key conclusions ot phy totoxiculugy assessment surveys conducted in the 
Toronto Control Areri ate: 



1) Soil samples were collected ot 47 locations within the Control Area on 
December 1 1 , 1973. Three zones possessing excessive levels of lend 
in soil were determined . Two zones adjoined streets with heavy 
automobile traffic and one zone adjoined the Don Incinerator. The 
remainder of the Control Area possessed soil with lead levels normal 
for a downtown urban location. 

2) Vegetation samples were collected at 24 locations within the Control 
Area on January 4 and 7 , 1974. Two zones possessing excessive 
levels of lead in vegetation were determined; both adjoining road 
intersections with heavy automobile traffic. The remainder of the 
Control Area had lead contents in vegetation which were within 
normal limits for an urban area. 



Descriptions of these surveys follow, which include sampling locations, 
analyses results and their interpretation. 



6.5.2.1 Phytotoxieology Assessment Survey for Lead in Soil 

■ December 11, 1973 



This survey was conducted to provide background levels of lead in soil in a 
residential area not influenced by industrial sources . The boundaries of the 
Control Area are The Don River on the west, Gerrard Street on the north, and 
the CNR tracks on the east and south. 

Soil at depths of 0-2" and 2-4" was collected at 47 locations throughout the 
Control Area, and analysed for lead. The results of these analyses are shown 
in Table 1 . 



The attached map shows three pockets of excessive lead in soil found within 
the Control Area. Two of these pockets adjoin streets with heavy automobile 
traffic, and the other pocket adjoins the Don Incinerator. The remainder of 
the Control Area possesses soil with elevated lead levels which are normal 
for a downtown urban location. 
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tAU LLv£:L§ If, SOIL CL'LtLCTC: In 
CONTROL ARK 



Station No. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IB 

V. 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 



1 


Soil Kb, I F' M dry weight 




0-2" ?-4" 




213 275 




308 288 




910 760 




435 413 




80 25 




48 30 


1 


500 435 


! 


575 313 

1 




668 238 


: 


1030 3180 


1 


650 ! 618 


| 


445 425 ! 

i 


1 


763 600 




700 


375 




488 


460 i 




80 


30 j 




18 


28 




595 


77b 




1200 


1210 




720 


715 




1080 


585 




368 


355 




145 


no 




590 


605 




130 


105 




538 


330 




345 


425 




350 


285 




230 


238 




1200 


1700 




675 


518 




295 


195 



! 
Station No. 


0-2" 


2-4" ' 


33 


378 


655 


34A 


230 


210 


34B 


415 


233 


35 


283 


275 


! * 


270 


283 


! " 


883 


805 


j 38 


975 


680 


39 


1450 


750 


40 


335 


350 


41 


363 


365 


42 


335 


350 


43 


53 


75 


44 


388 


308 


45 


213 


238 


46 


245 


35 


47A 


80 


43 


47B 


245 


145 


Average 


480 

i . , 


458 



:w: 




-Ji 



_, 



. I 



3b{J 



145 



590 








j .. 



600 -^-~lO9OC30S75 
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FIGURE I " ISOPLETHS OF LEAD CONTENT IN SURFACE SOIL 

1*4 THE CONTROt ADrA - «r-~ ; 



ti f> 1 . 2 I'hytoloxicology Assessnu-nt Surv ey lor Load i t i Vegetation 

- January 4 and 7 . 1974 



Description of Investigation 

This survey was conducted to provide background levels of lead in vegetation 
in the Control Area. 

In the previous survey (December 11, 1973) , 47 stations had been established 
in this area for the collection of soil samples. Using these locations as a 
sampling framework, evergreen foliage was collected at all stations where 
suitable species could be found (sampling locations are shown on the attached 
map) . Vegetation samples were analysed in the washed and not washed states 
for contents of lead and several other metals . 

The results of the chemical analyses for lead contents of the collected vegeta- 
tion are shown in Table 1. Excessive levels of lead in washed, 1973 foliage 
were found at only four stations (1, 10, 19 and 20) , all located in either the 
north-west or south-west corners of the area. The values for washed, 1973 
foliage were used to draw isopleths (75 ppm) of lead content of vegetation as 
shown on the attached map. Excessive foliar lead levels reflected heavy 
vehicular traffic on nearby main arteries . 

Results of chemical analyses for foliar content of other heavy metals indicated 
that Cd , Cr, Fe , V, and Zn were within normal limits for vegetation in an 
urban area. 
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TABLE 1 

LEAD CONTENT OF FOLIAGE IN 
CONTROL AREA 



... 

Station 

No. 


Species 


Lead Content (ppn, dry weight) 


1073 Foil 


age 


HW 


W 


1 


Blue Spruce 


' 155 


80 




Grass 


123 


109 


2 


White Spruce 


55 


32 


3 


White Spruce 


55 


26 


4 


Austrian Pine 


78 


34 


5 


Austrian Pine 


83 


59 


6 


Scotch Pine 


90 


54 


7 


Austrian Pine 


45 


25 


10 


Austrian Pine 


253 


124 


12 


White Cedar* 


54 


30 


13 


White Cedar* 


56 


35 


15 


Scotch Pine 


75 


50 


16 


Austrian Pine 


30 


25 


19 


Austrian Pine 


112 


102 


20 


Austrian Pine 


122 


87 


22 


White Spruce 


22 


15 


29 


White Cedar* 


100 


60 




White Cedar* 


90 


55 


31 


White Spruce 


20 


10 


33 


Scotch Pine 


75 


72 


35 


Blue Spruce 


15 


10 


37 


White Spruce 


32 


12 


40 


Blue Spruce 


58 


25 


41 


White Spruce 


20 


20 




White Spruce 


32 


18 


45 


White Spruce 


80 


24 


46 


Austrian Pine 


44 


30 


Level Considered 


Excessive 


150 


75 



NW - not washed; W - washed; 
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7 . 1 Preliminar y I i'. t.:? - unvpilation 



T.l.l 

Definitions of Areas 



For the purpose of this report, areas are defined as follows. The definitions are 
-omewhat arbitrary: the criterion was to include most of the people tested for 
blood lead in an area, within a distance not too far from the suspected lead source, 
The control area was defined before sampling. 

Toronto Refiners and Smelters Limited Area - is bounded by Queen Street on 
the north, Spadina Avenue on the east, C.N.R. tracks on the south and Niagara 
Street on the west. 

Prestolite Battery Company Limited Area - is bounded by St. Clair Avenue on 
the north, Shaw Street (and points north) on the east, Bloor Street (or slightly 
beyond) on the south and C.N.R. tracks (or slightly beyond) on the west. 

The Canada Metal Company Limited Area - is bounded by Gerrard Street (or 
slightly beyond) on the north , Woodfield Road (or slightly beyond) on the east, 
Lakeshore Boulevard on the South, C.N.R. tracks on the west. 

The Control Area - is bounded by Victor Avenue (or slightly beyond) and points 
west, on the north, C.N.R. tracks on the east and south, and the Don River on 
the west. 



7.1. 2 

'lobulation Methodology and Criteria 



Figures 7.2-2, 7.2-4, 7.2-6 and 7. 2- 8 each have a grid marked on them related 
to U.T.M. (Universal Transverse Mercator) co-ordinates. Each square is 250 
metres square. Tabulations of people tested for blood lead were organized accord- 
ing to the squares in which they reside. There is some error possible close to the 
boundaries of squares as to which square a person was assigned to for these 
tabulations. This is because assignment was made by computer according to the 
co-ordinates of the residence, not by address, and there was error of up to 10 
metres possible in the co ordinates. 

The meaning of "slightly beyond" in the Area Definitions is that some squares 
overlapped the stated boundary and the exact location of the people tested from 
those squares was not ascertained as to whether they were strictly within the 
boundary . 

There were also people tested from squares completely beyond the boundaries 
defined, whose blood lead results are not included in the tabulations to follow, 
because of the great distance from a lead plant. 

7.1.3 
Description of the Data Base 

Health data regarding blood lead tests has been supplied to us on computer magnetic 
tape by the City of Toronto. The first tape, produced March 5, 1974 included 
blood lead test results for all clinics held in Toronto from May, 1973 up to and 
including February 7, 1974. The second tape, received July 1974, added all 



. v ': • . i '.','4 U ..!..-■ i. ' 'i t.'f ' ■ f i uifco m 

eluded '.\irtisivc < iihii;.. ami re orginitfat i * - 1 ■ <i1 ihv data <. i, Uiv First tape. No 
tapes received frcaij the City contained the name or the address of any individual. 
All persons and addressee arc represented on the tape by code numbers and the 

■ !(■ is kept by prisons under the: authority of the Medical Officer of Health. A 
summary follows of dates of clinics for which data is on each tape. 

fkjrvmary ol Dates of !-l<*od bend Clinics for Which D<fTf( 



!^lOL 



is on Map uijtM- T ape 



Additional Dates 
Dates on First Tape on Second Tnpe 



Toronto Refiners ;.nd Many dates in May, 

.Tiicltei s e rv'r) June, Sept., 1P73 

f'rc^tolitfc Ufitfery Co. Dee. 12, 1973; -Jan. 10. Fob. 14/74; Mar. 27/74 

16, 24, 31/74; Feb. 7/74 Apr. 24/74; May 21/74 

r.niKbi Meud Co. Ltd., AJV.a ttet. 15/73: Dee. 3, 10/73; Mar. 7. 14/74; Apr. 22. 

Jan. 14/74 30/74 

Control Area Jan. 22, 28/74 Apr. 29/74. 



Thost t, -. ted ■" ■■<■ 'linic were not necessarily resident in that area. All clinics 
i iTtioned f n the first tape are also on the second tape. 

The variables on the first tape used in preliminary analyses were, for each blood 
test, the ;*i r e, st-x , distance of residence from a lead plant and blood lead level of 
the person tested. 



r : he second tape includes the variables on the first, with .some missing data 
supplied and editing done. In particular, several distances previously missing 
have been calculated by assigning map co-ordinates to the residence of every 
person tested and to the lead plants under study. All the blood tests for people 
tested more than once have been collected into one tape file for each such person. 
The tape files for each person tested from the same residence have been placed 
consecutively before a file containing information for that residence, such as map 
co-ordinates, measured and calculated distances from the nearest lead plant and 
average lead level of all persons tested from that residence. All work involving 
confidential coding of name, addresses and personal information was carried out 
by staff at Toronto City Hall. 

Some preliminary analyses were done on data from the first tape, using only test 
dates where follow-up tests were not done. They are not being reported because 
of the amount of missing data and unedited data on that tape. 

Thus, for the present report, it is must suitable to work with data from the 
second tape . 

7.1.4 
Sample Bias 

The people tested for the first time at all clinics came voluntarily from among all 
those who might have come. Therefore, they do not comprise a random sample 
representative of the populations in the control area or in the areas of the lead 
plants under investigations. The above remarks do not entirely apply to Toronto 
Refiners and Smelters area, where door-to-door sampling was done. 
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It 1 tin > i t--» < - j -'-lixt that th. ' urnpks u-.-. :;_d ;■:, - .1 >■ . . d >an plos and 
thus po Ihh -i.-::- i. b scorns reasonable to assume that the 1 i-babilnycfa 
pi 1 'in'.-, coii im; U-i' t' 5 . ; ng (the fjrst time) would be ■laect v ^ .p< rt.oncl to 
tha" pet >on . (or (hfct : rson's parent?') concern about poisibn past lead ex- 
posure. '1 v.i hyptJ.hCb^s can be advanced about the ; ype o." sol' ction present: 



3 . 'I hi . 1 >r:'-c-i , *■■>>■ -:Jd be directly proportional in proximity to a 
I< ..d plant 

'J hi i .'. ii'ts i bus would be that a greater proporti< n of oeoplc 
hi, . to " hi a lead source bun ol those living "far" would 
(,.i,,i .*■ {, i;- S'reliiui nary data tabulations have indicated 
tl 'I tl."'i is indeed generally true. 

2, Tfci'i v t si nuki bo (greater for those with possible increased 

['..:' ■ result of their life-style and habits, including 

occupation type and location, cooking utensils, playing habits 
and I' sltoj 

Oni •' ,iiit -•■ Ihh; would be that :i greater proportion of children 
conipj : :•'] v, ih nUilts would come for testing, both among those 
bvitij; "1 • ■ ' and "far" from lend sources, or nmong' all those in 
the control ares . 



The interaction oi these two types of selection results in samples being heavily 
a'p lib ' Idien living close to n lend plant. 

,•: : ■ r ; t ' th ■ 1 ' ,»ui -v <-'■ bias overall is that (in some elii ics) the population 
'i iplci we, 1 '' scluol .!■. a children, their parents and pre- school brothers and 



sisters. This is really a two- stage sampling procedure, in that adults and pre 
school children were "selected" only from families with school- age children. 
Because of this hypothesis, two can not be tested. Of course, some other poi- 
sons came to clinics as a result of word of mouth information and had blood 
samples taken . 

The result of the selective biases evident in the samples tested is that associa- 
tions found in the samples between high lead levels and age, or distance from 
a lead plant, may not hold for the whole population in each area. 

In order to give an idea of this sample bias, the four Figures 7.2-2, 7.2-4, 
7.2-6 and 7.2-8. one of each area, are presented. 

On each square is marked the estimated percentage of residences within the 
square from which people came to have blood lead tests. This was calculated by 
counting the total number of residences in each square from a detailed City map 
and by computing the number of residences in each square from which people 
were tested. Thus, it is possible to estimate the proportion of persons in any area 
who actually attended a clinic compared with those who were theoretically able to 
attend but did not do so. 

It can be seen from the first three figures that the proportions tested generally 
decrease with distance from a lead source. 

From 1971 census data (Statistics Canada Catalogue 95-721 (CT-21A) , Series A) 
it was found that there are on the average about two males plus two females per 
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v.iicia pei ••.oil.'. -vv:i- t< : ■■ . 'nmii ■••<■ i.uilr ph. c: >a.,.i-- pel residence wen 1 
tested in Ul.0 I'iv'a'Vc :> artery Company, OnodF Met':' Company ; nrt ControJ Arras, 
but about tw*i maU'E p^.K two females in i: : -\ Toronto Refiners nnr' Smelteri? Company 
Limited ai • -■ . t'.'hfi" i'i - i'- to- door sar.pling v, nt ).'• 

VVI;. ■ , -(..-as each ii'gJi <:ont:ii;;: &Iij*fitly ir.orc.- melerf than fe;. ->v aeporsiirg to census 
data , samples U'.sttd contained slightly more females than male.-; in each area 
except Toronto Refiners (where door-to-door canvassing was employed). This 
slight hiii:- toward female inclusion is likely due to mothers being' more ;wail- 
able than fathers to bring children for testing. 

This is evide? t Irom Tabic 1 showing sample breakdown by age for the Prestolite 
Liaitfcry Company , Canada Metal Company and Control Area combined (Toronto Re- 
fin »s and Snu iters Limited area was omitted because of the door-to-door sampling). 



I Ids Tabh- also shows that the samples consist primarily of people aged 14 and 
i!'. <>!' (school children). In fact. 78.8% of all males and P8.11 of all females 
tested in the ■ three areas were in that age ronge. A smaller but significant 
number In)! into the 25 64 age group, namely 13. H% of all males, 22.7% of all 
fpui.-'h a in th'. thrc; anas combined, with females (mothers) outnumbering males 
■.ichors), as pointed out earlier. 

"i.hb. di: ;)"ibui ■■.>'! i.-. of course, quite different from the actual population distribu- 

.'.ti .in r*H'ii are.;, found iiom census data. 



' . L> t'rehminnr y 1 rotitmont of Data 
Kesults 

A "good" blood lead test is defined as one for which two capillary tubes of blood 
were analyzed and gave reading's of blood lead differing by less than 17 ir.cg/100 ml 
whole blood. The result of that test is the average of the two readings 

In tabulating results, only people with at least one "good" blood test were in 
eluded. (This applies to preceding maps and tables also.) 

If a person had non thun one "good" test, the average of his/her "good" tests 
was used. If, however the first test was high enough to warrant treatment, such 
treatment may affect the second reading. Such an effect would cause the number 
of blood lead values over 40 megs, to be slightly underestimated. Tables 2, 3. 
4 and 5 show the number of blood lead levels 40 mcg/100 ml whole blood, or more, 
in each area, tabulated by age and sex. The percentage of all tests in each sub- 
group which were 40 meg or more is also given. 

Generally speaking, a percentage of 2 5 - 3.0 or more of levels above 40 meg 
is considered "abnormal" or excessive. Percentages based on only one test 40+ 
however, are somewhat suspect because of possible analytic erross . Furthermore, 
percentages based on small numbers tested have large standard deviations. 

Overall percentages for an area should be age adjusted for differences in the 
age make-up between areas and this is now being done. 

No tests of significance have yet been made because corrections for sample bias 
have not yet been carried out. 
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•.mi- ^n_ ', _; v haxaett . _rj ■_'•__ __ __ ' ■ ' ■ navins i-; leva tee 

blood I .'.""Jr"i "v .v"::-. ' * 

'anada Mr t.il d :-p >ny_ Area - 

Ma I os : 

it can be aeon from Table 2. that every age group except the 
ftroup 20-24 have an excessive percentage of elevated blood 1 
levels. These percentages are based on a large enough populatioi 
tested to yield a small standard deviation. 

Females : 



The percentages of elevated lead levels are excessive in the 45 
to 64 yea) age group and in the 0-9 age group with the group 10- 
14 years old being borderline. As with the males, the population 
is large enough to yield a small standard deviation. 

Tore n to Pe Cine rs and Sme lt ers Limit -.d Area - 

' i I 

l'',r numbers tested, as seen in Table 3, are small when separated 

iiii.'., ay;, groups. There is some suggestion of excessive percent . 

uads in all age groups except those 15 to 24 years 
o I el . 

1CS : 



The numbers K..;ted are small and there is an indication of an in- 

<"-r---::sod perci utage of elevated blood lead levels only in 0-9 year 
olds. 

tires to 1 ' to C om pany Area - 

es ; 

! ■ , | ,-n I ' I 1 vn i ■■>• In ' r <- -> • 



25 to 64 years old show an increased percentage of elevated 
blood lead level. As in the Canada Metal area, the excess of 
elevated levels in male adults should be noted. 

Females : 

Only in the to 4 year old age group is there an excessive 

percentage of elevated lead levels. 

Control Area - 

Males : 

No blood lead levels above 40 mcg/100 ml were found in children 
under 14 years old. Too few people over 14 were tested to allow 
any conclusions to be drawn. 

Females : 

The same remarks apply as in the male population. 

SUMMARY - 

Great caution must be exercised in considering the data presented 
for the reasons given but, if it is assumed that the sample of 
children tested from each area are indeed representative of all 
of the children in that area, there is a tendency for there to be 
an increased percentage of children having elevated blood lead 
levels in the areas close to the lead plants compared with the 
control area. 

The reason for this tendency must await analysis of the epidemiolog 

ical data which has been collected and is now being analyzed. 
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Ilunber Tested 266 

Percent of Total 10.2 
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ITmnber Tested 264 1045 762 

! rcent of Total 8.7 34.3 25. C 
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4.3 



104 

3.4 



473 



15.5 



7.1 



1.4 



7 . 2 Sampling Program Description 

7.2.1 Canada Metal Company Limited 

Sampling in the vicinity of the Canada Metal Company was done in community 
centres Cschool-based) relying on the voluntary participation of residents in the 
area. Information and consent forms were sent home covering the school children, 
and the adults were invited to come along, and especially to bring their pre-school 
age children with them . 

The micro-sampling technique was used, collecting samples by finger-prick 
in micro-tubes. These samples were sent to the Environmental Science Associates 
Laboratories in Burlington, Massachusetts, U.S.A. for testing by the anodic 
stripping voltametry method (AVS). 

Centres were held at Bruce School and St. Josephs School in October and 
December 1973, and January 1974. Approximately 1,600 persons have been 
initially screened in this area . 

A team of physicians whose members variously worked in the Toronto Department 
of Public Health , the Ontario Ministry of Health , and the Toronto Hospital for Sick 
Children decided that a blood level of less than 30 micrograms per 100 ml of whole 
blood need not be tested further. If the blood lead level was in the 30-39 microgram 
ranges, the individual would be retested at approximately 3 month intervals until 
two consecutive tests were registered below 30 micrograms. Persons were re- 
ferred for special follow-up examination including clinical tests as required. Almost 
all of these persons reported to a special centre established for the purpose at the 
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Hospital for Sick Children. A few choose to consult their personal physicians 



The follow-up screening and examination of those with elevated levels continues, 
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Fig. 7.1-1 Canada Metal Area - Blood Lead Sarpltrv' (Locations 
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Percentage of Residences "tested" near Canada Metal 
(as of .May 21, 1974) 
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TABLE 2. 

CANADA METAL LIMITED AREA 
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Percentage of Residences "tested" near Canada Metal 
(as of May 21, 1974) 
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CANADA METAL LIMITED AREA 
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7,2.2 Toronto Refiners and Smelters Limited 

Members of several families living in close proximity to the Toronto Refiners 
and Smelters Limited had blood samples taken by a physician of the Ministry of 
Health, a Toronto Department of Public Health Physician collected blood specimens 
from residents living on the south side of Niagara Street abutting the plant and 
consenting to the procedure in September 1972. These specimens consisted of 
10 cc venous blood and were tested in the Laboratories of the Ministry of Health 
for lead. 

In February /March 1973, this type of sampling was extended to both sides of 
Niagara Street between Bathurst and Tecumseh. 

In May /June 1973, the survey was further extended to take in several blocks 
of residences in the vicinity of the plant bounded by Niagara, Wellington and 
Bathurst Streets, and also including Draper Street. Most of the sampling was 
done in the home. Approximately 175 gave venous samples of blood which were 
sent for testing as previously outlined by the Ministry of Health. Samples of 
this venous blood were also collected in micro-tubes and sent to the ESA Laboratories 
in Burlington, Massachusetts, U.S.A. for testing by the anodic stripping 
voltametry (ASV) technique. An additional 100 persons approximately con- 
tributed finger-prick samples of blood for ASV testing. 

Since that time, follow-up testing has continued at regular intervals involving 
persons whose blood lead levels were elevated on the initial screening. 
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Fig. 7. 1-2 



Toronto Refiners Area - Blopd Lead Sampling Locations 
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7.2.3 I' restolite Company (Division of Kltrn Limited) 

Sumpling in the vicinity of the Prestolite Company (Division of Eltra Limited) 
followed exactly the pattern established in the Canada Metal Company area. 

It was conducted in school-based community centres in December 1973, and January 
and February 1974. Micro- samples of finger-prick blood were sent to the ESA 
Laboratories for analysis by the ASV method . 

Approximately 3,000 persons were screened and follow-up testing and 
clinical examination of those with elevated levels is continuing. 
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Figure 7. 1-3 



Prestolite Area - Blood Lead Sampling Locations 
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Figure 7.2-6 Percentage of Residences "Tested" Near Prestolite (as of May 21, 11 
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7.2.4 Control Area 

A Control Area generally representative of the three test areas but without the 
presence of a known source of industrial lead was selected in the part of the 
City of Toronto bounded by the Don Valley on the west , Gerrard Street on the 
north, and the CNR right-of-way on the east and south. 

A school-based community survey was conducted in January 1974. Micro 
samples of finger-prick blood were sent to the ESA Laboratories for analysis 
by the AVS method . 

Approximately 1,300 persons were screened and the few requiring follow-up 
are being attended to . 
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Figure 7. 2-7 



Control Area - Blood Lead Sampling Locations 




Figure 7.2-8 Percentage of Residences "Tested" in the Control Area 

(as of May 21, 1974) 






TABLE 5. 

CONTROL AREA 






r : » v ■ — 






■:T. 20 



- 



37 



228 



j.0-2J.< 15- 



125 



>■_.' 



13 



B 



420 










Q 



-J 



c 



7.7 



0.2 



"... 



30 



221 



139 



12 




10 



24 



17 



455 



• - Lge *iU+ 



C 



4.2 



0.2 



7.3 Program Description 

Previous sections have described the method of blood sampling. Basic in- 
formation related thereto has been stored on computer tape. eg. , age, sex, date 
of sampling, blood lead level, distance living from lead plant, and patient 
identification number. Analyses of these data (on approximately 5,000 persons 
representing tbout 7,000 blood samples) has just commenced. 

Additionally, in-depth epidemiological investigations were undertaken, as were 
studies of the household environment. Public health nurses conducted epidemiological 
questionnaires in all households where there was a blood lead level of 40 micro- 
grams per 100 ml of whole blood or greater. In the same households, public 
health inspectors did an environmental survey including the collection of 
samples of water, paint, household dust, soil, and other articles as specially 
indicated. Samples of the questionnaires used in these two investigations are 
appended. The epidemiological questionnaire and household environmental 
sampling were also conducted in a neighbouring house where the blood lead 
levels were less than 40 micrograms per 100 ml of whole blood. In the control 
area, 150 households are being investigated, all where blood lead levels were 
below 40, there being very few households in the area where there was a blood 
lead level above 40. In total, this has involved or will involve investigation of 
over 500 households , and the collection on the average of a dozen environmental 
samples per household. These data are being entered on the same computer tape 
as the basic blood lead data previously described as results are received from the 
laboratories of the Ministry of Health and the Ministry of the Environment, the 
whole being geo-coded for ready reference. It is hoped to have this computer 
in-put completed by September 3, 1974, so that analyses may then be undertaken 



and correlated with the community environmental data collected by the Minsitry 
of the Environment. 
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g, SUMMARY OE FINDINGS AND ABATEMENT RECOMMENDATIONS 

8 . 1 C anada Metal Company Limilcci 

8.1.1 S ource and Extent of I.e. id Contamination 

The Canada Metal Company Limited has caused contamination of the environment 
in the vicinity of its Eastern Avenue plant and, although the operations of the 
Company continue to add contaminants in excess of proposed criteria, there is 
an encouraging trend in recent months due to abatement activities . The 
evidence gathered by the Ministry of the Environment air sampling network and 
by surveys made of the lead contamination of soil and vegetation demonstrate 
that Canada Metal is the major source of airborne lead in the area. The traffic 
on the Gardiner Expressway and on Eastern Avenue as well as sources such as 
The Commissioners Street Incinerator and Ashbridges Bay Incinerator cause 
only a negligible rise in airborne lead levels in the area. The major source of 
the problem at present is not the re-entrainment of contaminated dust and dirt 
since high suspended lead readings are strongly correlated with winds from 
the plant. 

The proposed Ontario ambient air quality criteria for lead are exceeded for 
distances of up to 250 feet from Canada Metal. As a result of the operations of 
Canada Metal, the surface soil is excessively contaminated for distances of up 
to 1500 feet from the plant and the subsoil to depths as great as 12 inches within 
500 feet of the plant. 



8.1.2 Degree of Elevation of Blood Lead Level in Canada Metal Area 

The preliminary analysis of blood lead sampling data has shown the general 
population in the vicinity of Canada Metal has experienced a general slight 
elevation of blood lead level over the average level found in the population in 
the Control Area. The data show a decrease in blood lead level with distance 
away from the plant. This was most evident for the pre-school children. 

The distribution of elevated blood levels in the areas is scattered with neigh- 
bouring houses with similar age children and similar levels of lead in the air , 
soil, dust, etc. , showing a wide variation in blood lead. This would tend to 
support the hypothesis that inhalation of suspended lead from the air is not the 
main cause particularly since airborne lead levels beyond 450 feet from the 
plant are similar to those in the Control Area. Suspended lead levels close to 
Canada Metal are also showing signs of improvement. The most likely route 
for lead intake causing elevated blood lead levels in children is , therefore , 
ingestion . 

8.1.3 Recommendations - Canada Metal Company 

Based on the evidence available at this time , the Working Group makes the 
following specific abatement recommendations with respect to Canada Metal 
in conjunction with the general recommendations for all lead processing 
companies: 



382 



(1) The Company be required to completely enclose the unloading, storage 
and handling of lead-bearing materials associated with the blast furnace 
operation, and including, but not limited to the following: 



lead scrap and dross 
baghouse dust 
lead oxide 

slag 



(2) The bulk loading and unloading of the lead oxide associated with the 
lead oxide manufacture be conducted in an enclosed structure such that 
losses to the environment are prevented. 

(3) Backup emission control equipment with alarms be installed on the blast 
furnace, refinery kettles and the lead oxide plant to ensure that control 
to meet the standard is maintained in the event of primary control 
equipment failure. 

(4) Stack testing of emissions be conducted by the Company to ensure that 
the emission meets Ontario standards. 

8. 2 Toronto Refiners and Smelters 

8.2.1 Source and Fxtent of Lead Contamination 

The data collected on lead levels in the vicinity of Toronto Refiners and 
Smelters demonstrate that levels of lead in the air, dustfall, soil and vegetation 
exceed proposed criteria and guidelines. 



' 



The principal source of these elevated levels continues to be the operations 
of the Toronto Refiners and Smelters Company . 

Suspended lead levels are in excess of the proposed Ontario criteria, to 150 
feet from the plant. Dustfall is in excess of the desirable objective for 1000 
feet and the soil and undisturbed dust contains excessive amounts of lead for 
distances up to 1500 feet from the plant. 

8.2.2 Blood Lead Levels in Toronto Refiners and Smelters Area 

The data show an elevation of blood lead levels in people living near to the 
Toronto Refiners plant as compared to the Control Area. The incidence of 
elevated blood lead is more prevalent in children immediately adjacent to 
the plant. 

8.2.3 Recommendations - Toronto Refiners and Smelters 

The Working Group on Lead makes the following specific abatement recommend- 
ations with respect to the Toronto Refiners and Smelters in conjunction with the 
general recommendations for all lead processing companies: 

(1) The whole of the guillotine penthouse operation, and including battery 
top separation , plate and grid collection , battery case crushings , and 
acid collection and neutralization , be conducted in an enclosed building 
to prevent loss of lead or lead compounds , and of acid, to the outside. 
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(2) The unloading, movement, and storage of lead-bearing materials be 

conducted in such a manner that the materials are totally enclosed and 
losses to the environment are prevented. This includes, but is not 
limited to the following: 



battery scrap 

- furnace slag 
dross 

- lead oxide 

- baghouse dust 

- battery tops 



(3) The battery top crushing facilities be completely enclosed, including 
the charge hopper and other areas as yet unenclosed, but which are a 
potential source of lead emission. 

(4) Backup emission control equipment with alarms be installed on the 
reverberatory and blast furnace , the melting and refining kettles , and 
on the battery top separator to ensure that control to meet the standard 
is maintained in the event of primary equipment failure. 

(5) Charging of the reverberatory and blast furnace, and including the 
skip hois; facilities , be totally enclosed to prevent losses to the en- 
vironment. 

(6) Emissions from the control equipment be directed to a new stack, the 
height of which is to be governed by land use surrounding Toronto 

Refiners and Smelters. 



(7) Stack testing of all emissions be conducted by the Company to ensure 
compliance with Ontario standards. 

8.3 Prestolite - Summary of Findings to Date 

8.3.1 Source and Extent of Lead Contamination 

The data indicate that Prestolite has caused lead contamination of the environ- 
ment to about 1000 feet from the battery manufacturing area. High lead levels 
measured in early 1974 were strongly correlated with winds from the direction 
of Prestolite. The airborne lead levels measured during a recent labour dispute 
which closed down the plant decreased significantly and approached values con- 
sidered normal for a downtown urban area. Since the plant resumed operations, 
no large increase in suspended lead levels has been measured . This could be 
attributed to recent major control measures by the Company which are almost 
complete. 

Suspended lead levels in late 1973 and early 1974 have been elevated for 
distances of up to 800 feet from Prestolite and dustfall has been in excess of 
the suggested guideline of 0.3 tons/mile 2 /30 days over the same distance. 

Levels of lead in soil have been found to exceed the guideline (600 ppm dry 
weight) for up to 1000 feet from Prestolite with levels over 10,000 ppm in a 
Company parking lot which has since been paved. 

Lead contamination of vegetation was found to be excessive for a radius of 
about 600 feet from the source . 



8.3.2 Blood Lead Levels in the Prestolite Area 

A number of people living in the general vicinity of the Prestolite plant have 
been found to exhibit elevated blood lead levels. The percentage of people 
with high levels is greater than found in the Control Area. 

8.3.3 Recommendations - Prestolite 

The Working Group on Lead makes the following specific abatement recommend- 
ations with respect to Prestolite in conjunction with the general recommendations 
for all lead processing companies; 

(1) The handling, storage and disposal of lead dross, baghouse dust and 
any other lead-bearing waste material be conducted in such a manner 
that the material is wholly enclosed and losses to the environment are 
prevented. 

(2) Backup emission control equipment with alarms be installed on the 
preparation and assembly operation, the oxide mill-pasting process 
and on any other operation requiring primary control equipment, to 
ensure that control to meet the standard is maintained in the event of 
primary equipment failure . 

(3) Stack testing be completed by the Company as planned, on the oxide 
mill-pasting operation, and in addition, emission testing be conducted 
on the uncontrolled exhaust from the paste drying ovens. Subject to 
the results of these tests, further addition of control equipment and/or 
stack modification be carried out to attain compliance with the standards. 



8,4 Tonolli and ESB - Summary of Findings to Date 

8.4,1 Source (s) and Extent of Lead Contamination of the Environment 

There is considerable evidence that the combined effect of emissions from both 
the Tonolli and ESB plants has caused and continues to cause severe contamina- 
tion of the environment in the area surrounding the plants. 

The land use in the area is mainly medium and light industrial with two residences 
very close to the Tonolli plant and a large subdivision to the south some 1500 feet 
away. 

The levels of lead in air, soil and vegetation are some of the highest measured 
in recent lead surveys, particularly close to the Tonolli plant. Levels in soil 
and vegetation above the guidelines have been found in part of a residential area 
to the south of the Queensway . 

Although Tonolli and ESB have made significant improvements to their operations , 
there is , as yet, no evidence of an appreciable reduction in the degree of on-going 
contamination in the area . 

The data from air quality monitoring stations and soil and vegetation surveys all 
indicate that historically and presently Tonolli is the major source of lead con- 
tamination in the area . ^ » 
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Suspended lead levels at all three air sampling locations correlate significantly 
with winds from the direction of the Tonolli plant and although readings early 
in 1974 also showed some contribution from ESB, this is now barely detectable. 

Particle size data show that the large particles are coming from the Tonolli 
property and are the main cause of high lead levels close to the plant. 

The zones of extreme soil and vegetation contamination are immediately adjacent 
to the Tonolli plant and lead in dustfall is highest close to Tonolli. 

There has been no discernable improvement in the degree or extent of extreme 
lead contamination near Tonolli since the commencement of monitoring . 

Large airborne particles have been measured leaving the Tonolli property . 
One source of the emissions appears to be the scrap handling and preparation . 

Emissions from ESB have contributed to the general lead contamination in the 
area. The zone of contamination of soil and vegetation is extended eastwards 
around the ESB plant and above normal suspended lead levels have been 
measured 200 feet from ESB with winds from the plant to the sampler. 

8.4.2 Recommendations - Tonolli and ESB 

The Working Group makes the following specific abatement recommendations 
with respect to Tonolli and ESB in conjunction with the general recommend- 
ations for all lead processing companies: 
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(1) Storage and handling of all lead-bearing materials at Tonolli, and 
including, but not limited to, lead dross, crushed batteries, lead 
grids, and plastic from crushed batteries, be conducted in such a 
manner that the material is totally enclosed and losses to the 
environment be prevented . 

(2) Preliminary battery crushing at Tonolli be conducted in a totally 
enclosed system such that emissions to the environment are prevented 
The practice of unloading batteries from elevated trucks by dumping 
on the ground be discontinued . 

(3) Backup emission control equipment with alarms be installed at Tonolli 
on the lead refining process and on the rotary battery crusher . 
Alarms to also be installed on existing control equipment. 

(4) Subject to results of stack tests to be conducted by Tonolli, the use 
of the existing 200-foot stack be reconsidered in order to meet 
standards. 

(5) The handling, storage and disposal of lead dross, baghouse dust, 
lead oxide and any other lead-bearing material at ESB Canada be 
conducted in such a manner that the material is wholly enclosed 
and losses to the environment are prevented . 

(6) Backup emission control equipment with alarms be installed at ESB 
on the oxide mills, the MAC machine, and on the miscellaneous pro- 
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ccssijiy up*.: itiuns . Primary control equipment with alarms and 
backup control equipment with alarms be installed on the six (6) 
operations as committed by ESH on February 7, 1!<74. 
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9. QN f-GOING AND PROPOSED PROGRAMS 

9.1 Environmental Sampling - 1974 On-Going Programs 

In 1974 the Ministry of the Environment of Ontario will conduct lead sampling' 
at some 20 locations in the Province and in addition will undertake preliminary 
sampling at a further 8. 



The main efforts of the program are directed towards the Central Region which 
is comprised of Metropolitan Toronto , York , Peel , Halton , Ontario and Durham 
Counties . 

In this area, comprehensive sampling of air , dustfall, soil and vegetation for 
lead is being conducted at 11 locations and in addition samples are being 
collected near highways and adjacent to downtown streets. 

The main program is shown in Tables 9.1-1 and 9.1-2. The purpose of this 
program is not to provide a direct link with blood lead sampling but to de- 
termine the extent of environmental lead contamination. 

9.1.1 S uspended Lead - Central Region 

Suspended lead in air is being measured by a network of 21 special hi-volume 
sampling stations of which 15 are situated in the vicinity of the five plants 
covered in this report. The 15 sampling stations operate on a continous basis 
24 hours a day , 7 days a week . 
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In addition the particle size distribution of the suspended particulate lead is 
measured every other day at three sites adjacent to Canada Metal, Toronto 
Refiners and Tonolli . 

In the next few months 3000 selected samples will be analyzed to determine 
the lead/bromine ratio and obtain an estimate of the automotive contribution 
to the total suspended lead level . 

9.1.2 Dustfall - Central Region 

The fallout of settleable lead-bearing particles will be monitored by collecting 
30-day samples at 32 locations of which 25 are in the vicinity of the five plants 
and the Control Area discussed in this report . 

The dustfall will be analyzed to determine the content of other heavy metals 
and trace materials. 

9.1.3 Soil and Vegetation - Central Region 

In 1974 it is anticipated that 940 station visits will be made and 5350 samples 
of soil and vegetation collected for lead determination . In the area discussed 
in this report, 800 collections will be made and some 4500 samples collected. 

The soil samples will provide more data on the extent and depth of contaminated 
soil round the lead processing companies and at other locations such as adjacent 
to streets and highways. 
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Table 9.1-1 



1974/75 LEAD PROGRAM (CENTRAL REGION ) 



COMPANY 


OBJECTIVE(S) 


RESOURCES REQUIRED TO MEET OBJECTIVE(S) 


AIR QUALITY 


PIIYT0T0XICOL0GY 


TECH. DEV.J APPRAISAL 




HI-VOL 


DU5TFALL 


SOIL 


VEGETATION 


OTHEP 


MOBILE 
MONITOR 


STACK 

SAMPLING 


Canada Metal 
Compar,y , 
Toronto. 


a) Relate Air Quality & soil h 
veqetat'on lead levels to blood 
lead data (at current level) 

b) Examine trends in air qual., 
soil t vegetation levels after 
control equipment operatinn. 

c) If no improvement in (b), 
determine sources of emissions . 


4 daily 

1 Andersor 
Lead for 
particle 
size. 


4 
monthly 


monthly 
March - 
October 


monthly 
March - 
October 


Snow 
Fruit 
& Ven- 
etable 


Mobile 
Van 

^nril'74 
3 riay 
survey 


None I y 
Ministry 


Toronto Re- 
finers ?< 
Smelters, 
Toronto. 


a) Determine causs of continu- 
inq elevated levels. 

b) Examine trends in air qual- 
ity, vegetation & soil lead 
level s. 


2 daily 
1 Anderson 


9 
monthly 


monthly 
March - 
October 


monthly 
March - 
October 


Fruit 
Vege- 
tables 
10 Sta 
tions. 


LIDAR 
Survey 

under 
contract. 


None by 
Ministry 


Prestolite 


a) Determine trends in air 
quality 4 vegetation when con- 
trol equipment ODerational. 

b) Check compliance with air 
quality objectives. 


2 dally 


2 

monthly 


monthly 
[■larch - 
Qctoher 


monthly 
March - 
October 


Fruit 

Veae- 
tables 
10 Sta 

tions. 


- 


Hone by 
Ministry 


Urban Control 
Area 


a) Determine background lead 
levels In air, soil and vege- 
tation. 


3 dally 
6 months 


3 

monthly 

only 


Z 

:ol lec- 
tions 


2 
collections 


- 




None by 
Ministry 


TonolU and 
ESQ, Ittssiss- 

auga. 


a) Determine source of lead 
levels (ESB or TonolU). 

b) Determine effect of control 
at ESB L TonolU. 

c) Examine trends. 


3 daily 
1 Anderson 

2 dally 


9 
monthly 


Hon 

March - 


thly 

October 


Fruit 
Veoe- 
tables 


Resgrvev 


No 

• 


Dominion 
Colour and 
Anaconda 


a) Determine cause 1 deqree of 
lead I cadmium levels. 

b) Determine effect of Control 
Programs. 


2 

monthly 


■ - ji 
2 Coll 


ectlons 


- 


- 




General Motors 
Oshawa. 


a) Determine lead levels 1n 
area. 


3 daily 
2 HI -Vols. 

6 mc 


1 

monthly 

nths 


2 Coll 


ectlons 


- 


- 


- 


Federated Gen- 
co, Scarbor- 
ouqh. 


a) Determine if lead levels are 
elevated in area. 


2 dally 

6 mc 


2 
monthly 

nths 


2 Coll 


ectlons 


- 


- 


- 
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Table 9.1-2 



IIM> PRIBRAM - Atk rMVlMHCCS HRA'tni 

level of Service at Oct. 1/73 *. Pronoscd Lipanslon to <kt.U/4 



cowan* 



I 



AIR C "Ulr SS'tf. IV. P! 
NO. OF StATIJ'.S 3U DATI 



. 



PHtTflTIUtCOLfKY PROCPAH 



.Oct. 1/73 Ijr.JW.'S Jet. 1/74 Mncrwnt 1173-74 

'raw Oct'73 

fm-voi Icuitfaii tiv '&} m !df 



I 



Canada Held) 
Foronto fttfil r- 
Prestol He 
Control Area 



i I i 
• every i 
I J days 



l 



1974-75 
Proposed 



'IV 



.1 d.i 1 1 y -4 daily 

• 1 In- a ' 1 An-! 4 | *3 

dcrson i ,(*erson 
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9 . 1 . 4 Source Testing 

The Ministry of the Environment will in the next few months complete a program 
of testing of emissions from selected lead sources for the purpose of obtaining 
information to permit an assessment of the effectiveness of various control 
measures. 

In addition, three lead companies have, under Ministry supervision, completed 
compliance testing of emissions as part of their abatement activities. It is 
anticipated that Canada Metal, Prestolite, Electric Storage Battery Co. , 
Mississauga, and Tonolli will also undertake compliance tests under Ministry 
supervision in the fall of 1974. 

9.1.5 Special Studies 

The Ministry of the Environment is at this time developing air sampling 
techniques to enable simultaneous upwind/downwind 30-minute and 1-hour 
suspended lead samples to be taken . The field testing of the method is almost 
complete and the results appear very promising and the correlation with other 
methods good. 

9.2 Blood Lead Sampling and Collection of Epidemiological Data 

9.2.1 City of Toronto Board of Health Programs 

At this time (July 1, 1974) blood lead sampling programs have been conducted 
as shown in Table 9.2-1. 






TABLE 9.2-1 

Summary of Blood Lead Sampling to July 1, 1974 

Number of Persons 
Area Tested 

Canada Metal 1500 

Toronto Refiners and 

Smelters 250 

Prestolite 2000+ 

Control Area 1300 

TOTAL 5050 



9.2.2 Epidemiological Questionnaire and Retest Program 

Of those tested about 200 persons were found to have a blood lead level in 
excess of 40 ug/100 ml . A detailed questionnaire has been completed for each 
person with a level over 40 ug/100 ml dealing with home environment, occupa- 
tion, child behaviour, etc. For each house under study two control houses 
have also been studied. Sampling of the lead in the home environment has been 
conducted in each set of three houses . 

In addition, persons having a blood lead level of over 40 ug/100 ml have been 
retested as soon as possible and if confirmed have been sent to Sick Children's 

Hospital, Toronto, i'or further investigation. Twenty throe children have been 
admitted for study and treatment . 
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<J . 3 A nalysis and Assessment of Data Gathered in 1973/74 

During programs carried out by the Ontario Ministry of the Environment, the 
City of Toronto Department of Public Health and the Ontario Ministry of Health 
in 1973/74. suspended lead samples, dustfall samples, soil and vegetation 
samples, blood lead samples and samples of dust, paint, water, etc., have 
been collected. 

The Working Group on Lead has undertaken to oversee the task of creation of 
a computer data bank of tke information and to assign the task of creating a 
lead data analysis system to the Ontario Ministry of Government Services 
Systems and E.D.P. Branch. 

The estimates are that the system will be ready to run by about October 1974 
and that the major portion of the analysis will be complete by the end of the 
year . 

The Working Group intends to call on the services of expert consultant on 
both the design and assessment stages. 

9.3.1 Creation of Data Bank 

The first objective will be to create a computerized data based comprised of 
seven basic files: 
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(a) High-Volume Sampler Data 

(b) Anderson Head Data (Particle Size 

Distribution) 

(c) Dustfall Dato 

(d) Meteorological Data 

(e) Phytotoxicology Data (Soil and 

Vegetation) 

(f) Health Data (Blood Lead Levels) 

(g) Epidemiological Data (Habits, 

Behaviour , etc. ) 

(h) Epidemiological Data (Lead in 
Dust, Paint, Tapwater, etc.) 



It is anticipated that these files will be created by the Ontario Ministry of the 
Environment (a - e) and the City of Toronto Department of Public Health and 
the Ontario Ministry of Health (f ,g,h) by mid-September 1974. 

The data files will be maintained by the respective agencies. 



9.3.2 Analysis and Cross -Correlation of Environmental, 

Epidemiological and Blood Lead Data 



The data analysis system will permit the correlation and regression of the data 
on any file with basic parameters such as distance, direction, age, etc. 

The system will also allow the more important correlations and multiple regressions 
between the data on one file and that on another whilst holding one or more of the 
basic parameters (distance, etc.) constant. 



The system will be written in a general way and at this time only certain 
multiple regressions can be foreseen. Further analysis will depend on the 
results obtained in the initial stages. 

i 

i 
9.3,3 I nterpretation of Assessment of Statistical Results 

The interpretation of the statistical correlations will be very complex due to 
the many variables involved . The Working Group will draw heavily on experts 
in the field to assist with the assessment of the data. 

It is anticipated that if the data are sufficient the following types of relationships 
may be found if these in fact exist: 



Relationships between blood lead level and distance and 
direction from the source; 

Determination of the pathway (s) of lead intake by humans 
(dust, dirt, soil, paint, tapwater, etc.); 

Determination of high risk group and behaviour traits 
increasing the risk of lead absorption; 

Relationships between soil and vegetation contamination 
and airborne lead levels . 



9.3.4 Cost of Analysis and Assessment 

The cost of file creation and data analysis has been estimated at $45,000 by 
the Ontario Ministry of Government Services. 

The cost of assessment using consultants is difficult to predict but a figure 
of $50,000 based on 30 days at $1500 per day plus expenses may be used as 
a guide. 



i lie costs of file maintenance will be borne by each separate agency involved 
and are not availublc . 



9.4 



Recommendations for Future Blood Lead Sampling Programs 



9.4.1 



Report of Medical Subcommittee of Working Group on Lead 



On Monday, June 17th, the Medical and Environmental Subcommittees of the 
Working Group on Lead met with Dr. Carnow and Dr. Chisolm in the 10th 
floor boardroom at 135 St. Clair Avenue. 

The following people were present: 



Dr. Linzon, 
Dr. Shenfeld, 
Mr. Trivett , 
Dr. Anderson , 
Dr. Parkinson , 
Dr. Stopps, 
Dr. Higgin 
Dr. Chisolm, 
Dr. Carnow , 
Dr. Levy , 
Dr. Wadden, 
Dr. Moss, 
Dr. Mitchell, 



Ministry of the Environment 
Ministry of the Environment 
Ministry of the Environment 
University of Toronto 
Hospital for Sick Children 
Ministry of Health 
Ministry of the Environment 
Johns Hopkins University 
University of Illinois 
University of Illinois 
University of Illinois 
City of Toronto 
City of Toronto 



The first portion of the meeting was devoted to the epidemiologic aspects of 
the Toronto Lead Study which were reviewed by Dr. Moss and Dr. Mitchell, 

About 5000 persons have had one or more blood samples taken for lead 
analysis. The sampling areas are Toronto Refiners and Smelters Limited, 
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Canada Metal Limited, Prestolite Battery Division of Lltra of Canada Limited 
und the Control Area . Of those sampled roughly 200 have had blood lead 
levels of 40 micrograms per 100 ml whole blood or more. Most of these 200 
have been referred for further workup by the Hospital for Sick Children; 
approximately 23 children were admitted to hospital. Most are children. 
There are a small number of adults. 

A detailed questionnaire has been filled in for each person with a blood lead 
over 40 micrograms. This questionnaire deals with such matters as housing, 
occupation, child behaviour, etc. For each such house with a blood lead 
value above 40, usually two matching control houses are studied. One of 
these controls is a person from a nearby house who has a blood lead level 
under 40 while the second control also has a blood lead level under 40 from 
a house in a similar area. 

Household environmental studies have been conducted, samples of paint, 
water, dust, soil, etc. , having been sent to provincial laboratories for 

analysis. 

It is hoped to have all the epidemiological and household environmental data 
stored in "cleaned" form on magnetic tape by September 3rd at which time 
the data processing can begin. 

A discussion then took plane over the desirability of a random sample of 
5000 children across the whole City of Toronto and it was agreed that in the 
light of the studies already carried out that environmental measurements of 
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the load in soil and air provide excellent clues to the areas in which high 
blood lead levels might be expected and that the chance of random blood 
sampling picking up a hitherto unknown source is remote. This, of course, 
does not mean that sporadic blood lead values above 40 will not be found 
remote from local sources such as lead smelters but the factors accounting 
for such blood lead levels are probably due in part to factors in the "mini 
environment" (lead levels in household dust, age and sex of residents, 
personal behaviour, etc.). 

It was agreed that areas of the City would be picked on the basis of such 
considerations as socio-economic factors to provide a useful comparison with 
those already sampled and that within each area random sampling would be 
carried out after an intensive information campaign . 

To enable the study to concentrate on the most productive areas, it was felt 
that emphasis would be reduced on children aged 5 - 15 in favour of more effort 
directed to sampling the few -months-old to 4-year-old group. 

Because the data now available suggests that blood lead and soil lead levels 
have reached "background" levels withip^one-half mile radius of the lead plants, 
the original one mile radius sampling area would be reduced to one half mile. 
This provides a more compact geographic area which can more easily be reached 
by information campaigns and door-to-door canvasses. 

It is estimated that the number of children under age 5 years available for sampling 
within one-half mile of the lead plants is about 3,500 and that a further 3,500 
under age 5 would be sampled in control groupings , The basis for picking these 
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control groups is to be discussed by mail with each group or person sending in an • 

opinion to Dr. Stopps. This will require screening approximately 7,000 children, 
und the subsequent intensive epidemiological follow-up of approximately 1000 
of these. It is inevitable that other children will present themselves for testing 
and cannot be turned away. This eventually could add another 1000 or more 
persons to the screening procedure. It was pointed out that in order to conduct the 
field operation of a study of this magnitude, the Department of Public Health of the 
City of Toronto will require funds from the Province. 

With regard to the effect of hemoglobinopathies, it was agreed that the available 
methods for detecting such conditions as Glucose-6-phosphate dehydrogenase 
deficiency and thallasemia would be looked into by Dr. Parkinson and a report 
prepared on the feasibility of screening studies for the hemoglobinopathies. 

Because F.E.P. (free erythrocytic protoporphyrin) screening offers certain 
advantages over screening by blood lead determination, Dr. Chisolm will forward 
a copy of his method using micropipettes together with a short statement on the 
advantages and disadvantages of F.E.P. screening. 

Lastly , it was agreed that the questionnaire used in the study would be circulated 
by Dr. Mitchell and comments sent to him with a copy to Dr. Stopps. 

In conclusion, this was a worthwhile and productive meeting which together with 
the conclusions of the Sub-committee considering environmental measurements 
should lead to a more soundly based study of the factors influencing blood lead 
levels in Toronto children. Further meetings will be necessary to spell out fur- 
ther details of the study but the next important step will be the setting down of a 
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detailed protocol rev phase in ■•. the >tudy - that portion dealing with the pop u Li 

lions around the thtve load plants and in the control area. As soon as this protocol 

has been set down and circulated . a further meeting of the sub- committee will be 

necessary to decide on Phase 2 - that portion of the study involving- the second and 

third control areas. At this time decisions will be necessary on the statistical 

treatment of data and the provisions to be made for data processing. 
9.4.1.1 C ost of Program 

An extended study as recommended by the Medical Subcommittee will require: 
supplementary funding of the order of ^151, 800 to carry the field study. Con- 
sultants' fees and data processing would be extra. 



9.4.2 



Supporting Environmental Programs Design and Approximate 
Co sts Report of the Environmental Sub-committee of The 
Working Group on Lead, Meeting of June 17. 1974 with 
Consultants on Lead Program 



Present: 

Dr. Julian Chi sol m 

Dr.B.W. Carnow 

Dr . Levy 

Dr.R. Wadden 
Dr. G.J. Stopps 

Dr.G .W. Moss 

Dr. J. Mitchell 

Dr.T.VV. Anderson 

Dr.T. Parkinson 

Mr .L. Shcnk'M 
Dr .S .N . Lin. '.el! 



John Hopkins University 
Faculty of Medicine, Baltimore 

University of Illinois 
School of Public Health 

Institute of Environmental Medicine 
Chicago 



Senior Medical Consultant, 

Community Health Standards Div . (MOE) 

Department of Public Health 
City of Toronto 

Department of Public Health 
City of Toronto 

School of Hygiene, Faculty of Medicine 
University of Toronto 

Toronto Board of Health and Sick 
Children's Hospital 

Air Resources Branch, MOE 

Air Resources Branch, MOF 



Dr.R.M.K. Higgin Air Resources Hrnnch, MOE 

Mr.G.S. Trivett 1-ield Services Division, Industrial 

Abatement (MOE) 



Environmental Data : 

A brief review of existing Environmental sampling data was presented . 

It was agreed that the present network was adequate for the purpose it was in- 
tended for but it was not specifically designed to coordinate with blood lead sampling, 
and that in future, studies in environmental sampling should be expanded to give 
more close coordination with blood lead sampling programs . 

This would mean a maximum of about 20 extra hi-volume sampler stations and 
probably 3 areas for soil and vegetation sampling of a similar size to the present 
Control Area. 

In addition, it was indicated that present air quality data supplemented by 
model predictions would be made available for design of the random screening 
program. Soil and vegetation data would also be used to assess environmental 
lead levels in the City of Toronto. 

Recommendations of the Environmental Subcommittee: 



The Ministry of the Environment, in addition to maintaining 
its present intensive sampling around the lead plants, closely 
support future blood lead sampling programs by monitoring 
the air, soil and vegetation in the areas selected. 
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The Ministry ;.-;sist in si :b ction of iirras for blood lend sampl- 
ing programs by determining areas of high, moderate and 
low lead levels using existing air quality data and computer 
modelling in other areas. 

That Dr. Carnow and his group be given the opportunity to 
participate as consultants in the program design and assess- 
ment. 



Cost Estimates of Recommendations: 



1 . Additional Monitoring in Support of Blood Lead Sampling Program 

Extra Equipment Capital Cost (20 Stations) 

40 hi-volume samplers @ $300 each $ 12,000 

Operating & Analysis Costs - 3 month survey 

20 stations hi-volume at $1 ,000/month 60,000 

Dustfall 20 stations at $64/month 4,000 

Soil & Vegetation (including analysis) 

100 stations (2 collections) $170 per collection 34,000 

Total Sampling Costs $110,000 

2. Assessment of Present Lead Levels in Toronto 

a) Review of existing air quality data 

b) Modelling of Lead in Toronto (estimated) 3,000 

3. Program Design Using Consultants 

Estimated 3 days at $1,500 per day 4,500 

4. Computer Analysis & Assessment Using Consultants 

1 . Data Analysis Only 

Estimated on basis of Ministry of Government 

Services cost 40,000 

2. Assessment and Interpretation Only 
Relationship between lead in the 

environment and health 50,000 
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'iotul Cost Over and Above Present Program 

Sampling and Monitoring $110, 000 

Modelling 3,000 

Total Direct Ministry Expenditure 113,000 

Analysis & Assessment* 90.000 

TOTAL $203,000 



* This cost is the incremental cost for the expanded study 

with Dr. Carnow's group participating as consultants. 
Computer Analysis has been estimated at about $40,000 by 
Ministry of Government Services. 

NOTE ; The analysis of blood lead data is included in the analysis 

and assessment costs , but cost of conducting the blood lead 
sampling program is not included in the sampling/monitoring 
cost estimate. 



400 



TECHNICAL TERMS 



ALA 



A LAD 



arithmetic mean 



baghouse (bag collector 
bag filter) 

correlation 

correlation coefficient 



criterion 

dross 

fume 
geometric mean 



guideline 

(desirable objective) 



hivol 

isopleth 
M.M.E.D. 



Pasquill-Gifford 
diffusion equation 

pH 

pica 

tetraethyl lead 



aminolaevulinic acid 

aminolaevulinic acid dehydratase 

average of a set of readings ie sum 

number 

air pollution control device for removal of 
particles from a gas stream with fabric bags 

statistical relationship between 2 variables 

parameter indicating strength of statistical 
relationship between two variables 

maximum desirable level of a pollutant in 
air based on health or other effect 

solid metallic surface layer of molten metal 
containing impurities 

finely divided particles in a gas 

median value with 50% of the readings 
above the value and 50% of the readings 
below 

tentative desirable level of a pollutant in 
the environment. Used where there is 
insufficient evidence for proposal of criterion 
and standard 

hivolume sampler for measuring fine particles 
in air 

boundary line of a rone having the same values 

Mass median equivalent diameter (the 
geometric mean size of a group of particles 
expressed in terms of equivalent spherical 
diameter) 

Mathematical equation used to predict the 
dispersion of stack plumes 

measure of acidity or alkalinity of a substance 

ingestion of non-food items 

organic lead antiknock component added to 
gasoline to increase the octane rating 
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